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I. INTRODUCTION
F ROM the beginning of this nation's development of large
scale electrical transmission and distribution systems, the con-
struction of power lines has been opposed by landowners con-
cerned with the effect of the construction upon local property
values. Landowners have responded to these perceived threats to
their property values in a number of ways. First, landowners have
opposed the condemnation of their property for construction of
power lines, claiming that the statutory requirement of necessity
has not been satisfied, or that the utility could and should reduce
the environmental impact of the project by selecting an alternate
route or using different equipment.' When unsuccessful in
preventing the construction of the line, landowners have sought
severance damages2 to compensate for the reduction of the mar-
ket value of their remaining property caused by factors such as
the noise generated by power lines, the constraints that a high
voltage installation could place on the landowner's use of the re-
mainder of his property, and the aesthetic harms posed by un-
sightliness. Severance damages have also been requested for an
alleged reduction in market value due to a general fear of power
lines on the part of the buying public. Jurisdictions vary in their
resolution of landowners' claims. As a general rule, however, the
community's need for power has outweighed the property rights
of affected landowners, and construction has gone forward.
The negative environmental impacts traditionally associated
with power lines are danger of contact, noise, interference with
1. For a discussion of eminent domain proceedings in relation to the con-
struction of power lines, see infra notes 96-121 and accompanying text.
2. For a discussion of claims for severance damages by property owners,
see infra notes 122-38 and accompanying text.
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electronic signals, impairment of beauty and privacy, and limita-
tions upon the use and value of adjacent land. Research within
the scientific community, however, suggests the possibility of
more subtle, and more ominous, impacts, including the possibil-
ity of negative effects on human health.3 By the mid-1970s, re-
ports from epidemiological studies in the United States and
Europe were suggesting a relationship between exposure to elec-
tromagnetic fields and certain forms of cancer and leukemia. The
power industry responded to this new information, first by ques-
tioning the validity of the studies suggesting hazards, and later by
sponsoring large research projects in an attempt to establish
whether there were hazards and, if so, how they could be elimi-
nated. The United States government also began funding re-
search programs, due in large part to the implications of the
preliminary findings of potential hazards for various military
projects. Additionally, several state public service commissions
have undertaken a careful review of the available scientific litera-
ture and have solicited expert testimony from leading scientists
on both sides of the controversy. 4 The public agencies that have
studied the problem have all concluded that while there is some
support for the contention that electromagnetic fields are capable
of exerting biological effects, there is no evidence that there are
human health hazards associated with exposure to electromag-
netic fields generated by power lines. 5
As information about suspected health hazards became pub-
lic, opponents of power line construction began to incorporate
allegations of possible biological harm into their arguments. In-
dividuals and groups began to intervene in public utility commis-
sion hearings on new construction siting decisions. Homeowners
along proposed transmission routes banded together to request
3. For a discussion of scientific research concerning the possible health im-
pacts of power lines, see infra notes 20-95 and accompanying text.
4. For a discussion of the hearings and investigations undertaken by state
public service commissions (PSCs), see infra note 95. A few PSCs, most notably
the N.Y. Public Service Commission, in conjunction with the N.Y. Department of
Health, have undertaken independent investigations and funded their own re-
search projects. See NEW YORK STATE POWER LINES PROJECT SCIENTIFIC ADVI-
SORY PANEL, BIOLOGICAL EFFECTS OF POWER LINE FIELDS (July 1987) [hereinafter
NYPLP] (Final Report prepared for New York State Power Lines Project, Al-
bany, N.Y.). This Final Report prepared for the N.Y. State Power Lines Project
was the result of a settlement agreement between the N.Y. Power Authority and
the N.Y. Public Service Commission. The agreement required that eight major
electric utilities fund a five million dollar research project to study the biological
effects of power lines. Id. at 11.
5. See infra note 95 and accompanying text.
1991]
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that power lines be relocated, or that right of way widths be in-
creased to provide greater assurance that they and their families
would not be exposed to hazardous electromagnetic fields. A
number of states now regulate the width of rights of way for new
construction in order to limit the strength of electromagnetic
fields outside the right of way.6 Claims for severance damages
began to reflect the homeowner's contention that the "danger" of
electromagnetic fields was a matter of public knowledge, and
therefore an appropriate consideration in assessing changes in
the market value of land remaining after condemnation. 7 Prop-
erty owners dissatisfied with the response of state public service
commissions have successfully resorted to litigation.8
To properly represent clients in power line siting disputes,
attorneys must have a basic understanding of the scientific, legal
and policy issues involved, as well as the range of available op-
tions at both the regulatory and judicial levels. Part II of this arti-
cle briefly explains what electromagnetic fields are and how they
may generate biological effects. 9 As the evidence demonstrates,
there is no proof of human health hazards at this time. There is,
however, enough evidence of biological effects to warrant further
study, and perhaps to sustain jury verdicts in favor of property
owners on carefully drafted claims. Because scientific data is ab-
solutely essential to the prosecution and defense of such claims,
and because that data is relatively inaccessible to the practitioner,
I have summarized the analyses of the existing literature provided
by various public agencies. Part III examines the response of the
legal system to the possibility of biological hazards associated
with power lines.' 0 First, there is a discussion of cases in which
property owners opposed the construction of a power line, or
sought severance damages based on traditional objections to
power lines. The practitioner may find these cases useful by anal-
ogy. Next, there is a detailed discussion of claims based, at least
6. For a discussion of state regulation of right of way widths, see infra notes
201-03, 237 and accompanying text.
7. See infra notes 179-80 and accompanying text.
8. See, e.g., Houston Lighting & Power Co. v. Klein Indep. School Dist., 739
S.W.2d 508 (Tex. Ct. App. 1987). In Klein, after the public utility commission
had approved a line and the line had been constructed, a property owner ob-
tained an injunction requiring that the facility be removed and was awarded sub-
stantial punitive damages from the utility for constructing the line. Id. at 511.
The punitive damages award was reversed on appeal. Id. For a discussion of
cases concerning claims based in part on allegations related to ELF exposure,
see infra notes 156-74 and accompany text.
9. See infra notes 13-95 and accompanying text.
10. See infra notes 96-243 and accompanying text.
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in part, on allegations of harm from exposure to electromagnetic
fields. Finally, there is a discussion of the response of the various
state public service commissions to allegations that exposure to
electromagnetic fields is or may be harmful. Part IV critically
evaluates the current responses of courts and regulators to the
problem, concluding that efforts to obtain information on the
nature and extent of biological effects are justified, but that the
imposition of field strength limits is irrational and counterproduc-
tive.I' Parts V and VI propose a regulatory response that better
accommodates all of the competing interests given the current
state of scientific uncertainty. The material provided in this arti-
cle should prove useful to practitioners in contesting the ade-
quacy of current legal and regulatory responses and in proposing
alternatives more advantageous to clients.
11. See infra notes 244-47 and accompanying text.
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II. FACTUAL UNDERPINNINGS: THE CURRENT STATE OF
KNOWLEDGE ABOUT BIOLOGICAL EFFECTS OF EXPOSURE
TO ELECTROMAGNETIC FIELDS12
A. What Are Electromagnetic Fields and How Are They Generated?
Electromagnetic fields' 3 are generated by, among other
12. This section summarizes a report by the Office of Technology
Assessment (OTA), an analytical arm of the U.S. Congress which aids legislative
policymakers in planning for technological changes. See Office of Technology
Assessment, U.S. CONGRESS, BIOLOGICAL EFFECTS OF POWER FREQUENCY
ELECTRIC & MAGNETIC FIELDS-BACKGROUND PAPER, OTA-BP-E-53 (May 1989)
[hereinafter OTA]. This report contains a careful review and analysis of existing
scientific evidence on the biological effects of electromagnetic fields. It is the
most recent and inclusive study of the existing literature in this area. For other
significant studies, see W. ADEY, ELECTROMAGNETIC FIELDS, CELL MEMBRANE
AMPLIFICATION AND CANCER PROMOTION (1986) (Technical Report presented at
National Council on Radiation Projection and Measurements Annual Meeting,
National Academy of Sciences, Wash., D.C.); BIOLOGICAL EFFECTS AND
DOSIMETRY OF STATIC AND ELF ELECTROMAGNETIC FIELDS (M. Grandolfo, S.
Michaelson & A. Rindi eds. 1986); E. CARSTENSEN, BIOLOGICAL EFFECTS OF
TRANSMISSION LINE FIELDS (1987); COMMITTEE ON BIOLOGICAL AND HUMAN
HEALTH EFFECTS OF EXTREMELY Low FREQUENCY ELECTROMAGNETIC FIELDS,
BIOLOGICAL AND HUMAN HEALTH EFFECTS OF EXTREMELY Low FREQUENCY
ELECTROMAGNETIC FIELDS: POST-1977 LITERATURE REVIEW (1985) (Technical
Report AD/A152 731 prepared for Naval Electronic Systems Command by
American Institute of Biological Sciences); ELECTRICAL AND BIOLOGICAL EFFECTS
OF TRANSMISSION LINES: A REVIEW (1986) (Technical Report, U.S. Department
of Energy, Bonneville Power Administration, Portland, Or.); FLORIDA ELECTRIC
AND MAGNETIC FIELDS SCIENCE ADVISORY COMM'N, BIOLOGICAL EFFECTS OF 60-
Hz POWER TRANSMISSION LINES (1985) (Technical Report prepared for Florida
Department of Environmental Regulation, Tallahassee, Fla.); NEW YORK STATE
POWERLINES PROJECT SCIENTIFIC ADVISORY PANEL, BIOLOGICAL EFFECTS OF
POWER LINE FIELDS (1987) (Final Report prepared for New York State Power
Lines Project, Albany, N.Y.); A. SHEPPARD, BIOLOGICAL EFFECTS OF HIGH
VOLTAGE AC TRANSMISSION LINES (1983) (Report to Montana Department of
Natural Resources and Conservation); WEST ASSOCIATES, A CRITICAL REVIEW
OF THE SCIENTIFIC LITERATURE ON Low-FREQUENCY ELECTRIC AND MAGNETIC
FIELDS: ASSESSMENT OF POSSIBLE EFFECTS ON HUMAN HEALTH AND
RECOMMENDATIONS FOR RESEARCH (1986) (Technical Report, Southern
California Edison Company, Rosemead, Cal.); WORLD HEALTH ORGANIZATION,
UNITED NATIONS ENVIRONMENT PROGRAMME AND THE INTERNATIONAL RADIATION
PROJECTION ASSOCIATION, ENVIRONMENTAL HEALTH CRITERIA 35 - EXTREMELY
Low FREQUENCY (ELF) FIELDS (1984) (Technical Report, World Health
Organization, Geneva, Switz.). After this article had been submitted for
publication, the U.S. Environmental Protection Agency circulated a preliminary
draft of a document entitled Evaluation of the Potential Carcinogenicity of
Electromagnetic Fields, EPA/600/6-90/005B, October 1990. The document was
circulated for comment with the stipulation that it was not to be quoted, and that
it did not represent Agency policy. It was based on information available as of
mid-1989, and did not present information or findings signficiantly different
from those contained in the OTA report.
13. The term "electromagnetic fields" is a general one, encompassing both
electric and magnetic fields generated by a wide variety of sources, and operat-
ing at many different frequencies. For example, naturally occurring electric and
magnetic fields include the static magnetic field of the earth and the electric
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things, electrical transmission and distribution systems,' 4 home
wiring and electric lighting and appliances. 15 Electric fields16
arise from the amount of electric charge pumped into a power
system by generating stations, and magnetic fields' 7 result from
fields which are maintained across the outer membrane of every cell in the
human body, both many times more intense than those that can be induced by
exposure to fields commonly generated by power lines. OTA, supra note 12, at
1,4. Devices such as stereo headphones, television sets, video display terminals,
CB radios, AM and FM radio transmitters, television transmitters and microwave
ovens generate very low frequency (VLF) fields, which operate at a higher fre-
quency than the fields generated by power lines. Scientists do not know whether
fields at these higher frequencies are more or less biologically effective than the
lower frequency fields generated by power lines, but such sources do induce
more intense currents in the human body than most power frequency sources.
Id. at 21. This article focuses exclusively on the effects of exposure to electro-
magnetic fields generated by electric power transmission and distribution sys-
tems. The practitioner is cautioned, however, that the existence of multiple and
overlapping sources of exposure must be carefully considered when framing
legal claims in this rapidly developing area of the law.
14. North American electric power transmission and distribution systems
use 60 hertz (Hz) alternating current, so called because it alternates back and
forth 60 times each second. Id. at 1. The power distribution process begins
when electric generators in power stations produce electric power at approxi-
mately 20 kilovolts (kv). "Step-up" transformers increase this voltage to ap-
proximately 765 kv for transfer over high voltage transmission lines. These
transmission lines terminate at substations where "step-down" transformers de-
crease the voltage for transfer through local distribution lines to individual
users. Id. at 4. There are approximately 350,000 miles of transmission line and
two million miles of distribution line in the United States. Id. (citations
omitted).
15. Id. at 8, 15.
16.The "electric field" of a charged object is merely a description of
the electric force that the object is capable of exerting on other charges
brought into its vicinity. Electric field intensity is measured in units of
volts per meter (V/m). One thousand volts per meter is a kilovolt per
meter (kV/m).
Id. at 7. Electric fields are effectively shielded by many structures, and houses
can reduce the exposure of residents to the fields generated by nearby power
lines by roughly 90%. Id. at 16 (citing H. FLORIG, POPULATION EXPOSURE TO
POWER-FREQUENcY FIELDS-CONCEPTS, COMPONENTS, AND CONTROL (1986) (PhD
thesis, Carnegie-Mellon Univ.)).
17. The magnetic field is a mathematical means of representing the "mag-
netic force," the force that a current-carrying wire exerts on any charged particle
moving nearby. Id. at 8. The magnitude of the field is proportional to the cur-
rent in the wire and the velocity and charge of the moving particle. Several dif-
ferent units are used to describe magnetic fields. The proper unit of magnetic
field intensity is the Ampere per meter (A/m) (analogous to the V/m for electric
fields). Often, magnetic field strength is indicated by a magnetic flux density,
the number of field lines that cross a unit of surface area. The unit of magnetic
flux density seen most often in the power-frequency literature is the gauss(G).
Sometimes, the magnetic flux density is given in tesla (T). There are 10,000
gauss in each tesla. For fields in air or in biological tissues, the magnetic flux
density in gauss is 1/80th of the magnetic field intensity in A/m. The gauss and
tesla are large units. Sixty hertz magnetic fields are commonly reported in
thousandths of a gauss or milligauss (mG). Id. Most structures do not provide
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the motion of that charge. Taken together, these electromagnetic
fields are often referred to as "power frequency fields" or ELF
(extremely low frequency) fields.' 8 Electromagnetic fields exist
wherever there is electric power. The strength of the field gener-
ated depends on both the nature of the source and the distance
from the source.' 9 These fields can produce currents in the
human body and charges on the surface of the body by the
processes of electric and magnetic induction. 20 It is possible to
measure the strength of electromagnetic fields to which people
are exposed.2' Scientists, however, have not yet been able to de-
termine the relationship between exposure levels and effects
upon human health. 22
B. Is Exposure to Electromagnetic Fields Hazardous?
Until recently, it was generally believed that exposure to ELF
fields posed no risks to human health. This assessment was based
in part upon the fact that there is no significant transfer of energy
from ELF fields to biological systems.23 Over the last fifteen
years, however, a number of studies have demonstrated that weak
ELF fields can produce biological effects.2 4 Biological effects are,
of course, not the same thing as biological hazards. Nevertheless,
the weight of respectable scientific opinion in this area has shifted
from the position that there is no possibility of harm from expo-
sure to ELF fields to the position that, while it does not provide a
basis for asserting that there is a significant risk, the emerging
evidence proscribes a categorical denial of possible risks. 25
appreciable shielding of magnetic fields. Id. at 16. The intensity of magnetic
fields, however, drops off rapidly with distance. Id. at 8.
18. Id. at 1.
19. Id. at 8. For example, the magnetic fields around many appliances are
stronger than those under electric transmission or distribution lines, but fall off
faster with distance than do fields generated by overhead power lines. Id.
20. Id. at 16 (citing Kaune & Phillips, Dosimetry for Extremely Low-Frequency
Electric Fields, in BIOLOGICAL EFFECTS OF AND DOSIMETRY OF STATIC AND ELF
ELECTROMAGNETIC FIELDS (M. Grandolfo & S. Michaelson eds. 1985)).
21. Id. at 19.
22. Id.
23. Id. at 1. Power frequency fields do not break chemical bonds, nor do
they cause significant tissue heating. Id.
24. Id. at 2-3. For a discussion of these studies, see infra notes 30-81 and
accompanying text.
25. Id. at 3. See, e.g., NYPLP, supra note 4, at 131 (recognizing that although
most biological effects are minor, some are "long lasting" and may pose some
risk); T. SYKES & P. Li, POSSIBLE HEALTH EFFECTS OF ELECTRIC QC MAGNETIC
FIELDS FROM ELECTRIC POWER LINES: A SUMMARY OF SCIENTIFIC STUDIES iii
(1990).
[Vol. 36: p. 129
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The research that has been completed to date falls into three
general categories. 26 First, in the "in vitro" (in glass) experi-
ments, human or animal tissue or cell cultures were exposed to
electromagnetic fields in an effort to determine what impact ELF
exposure has upon specific processes governed by the cell mem-
brane. 27 Second, in the "in vivo" (in a live state) experiments,
live animals or people were exposed to electromagnetic fields in
an effort to determine the effect of such fields on whole orga-
nisms. 28 Third, in the epidemiological studies, human popula-
tions were examined in an attempt to identify statistically
significant relationships between particular effects, such as an in-
creased incidence of cancer, and occupational or residential expo-
sure to power-frequency fields. 29
1. The In Vitro Studies
The in vitro studies establish that even very weak ELF fields
can, under some circumstances, produce substantial changes at
the cellular level. The most significant research explores the pos-
sibility that exposure to ELF fields may initiate or promote can-
cer.30 Experimental results to date indicate that it is unlikely that
26. No attempt has been made to discuss all of the raw data. The results of
several thousand studies have been published. This article highlights positive
findings because those are the findings of interest to lawyers and regulators. It
is important to note, however, that a vast number of experiments found no indi-
cation of biological effect. Further, no hypothesis has yet been developed to
explain how or why exposure to ELF fields results in biological effects. Many of
the experiments are mere attempts to determine whether there are any effects
caused by ELF fields. OTA, supra note 12, at 25.
Another caveat is that much of the research into biological effects has been
financed by utilities. There is no reason to believe, however, that the resulting
studies have been biased. Many of the positive results discussed in this paper
were found in studies funded by utilities, and those results have been made
available to regulatory agencies, other scientists working in the field, and the
general public. Moreover, it is hard to imagine the motivation for utilities to
engage in the kind of "conspiracy" alleged by some popular authors. For an
example of a conspiracy theory, see P. BRODEUR, CURRENTS OF DEATH: POWER
LINES, COMPUTER TERMINALS, AND THE ATrEMPT TO COVER Up THEIR THREAT TO
YOUR HEALTH (1989).
27. OTA, supra note 12, at 24.
28. Id. at 24, 35.
29. Id. at 24, 57.
30. Cancer is thought to be initiated when an agent damages the genetic
material of the cell. This damage may be repaired, but if it is not, the altered
cells continue to proliferate, eventually manifesting themselves in a tumor of
detectable size. Id. at 97. In addition to agents capable of initiating cancer,
other substances may promote its growth. Cancer promoters may enhance the
effect of an initiator and advance a transformation that might not otherwise have
been completed. Id.
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exposure to ELF fields is a cancer initiator,3' but that such expo-
sure may be a cancer promoter.3 2 It is believed that exposure to
ELF fields may promote cancer by enhancing the cell growth and
proliferation process, or by enhancing that process in altered cells
in preference to normal cells;3 3 by inhibiting the ability of the im-
mune system to restrict unhealthy proliferation of cells;3 4 or by
31. Known cancer initiators such as ionizing radiation and various chemi-
cals have been observed to cause alterations in DNA structure. ELF fields do
not have enough energy to disrupt the structure of DNA. Id. at 29. A number of
experiments have been undertaken to determine whether exposure to ELF fields
results in chromosomal aberrations, and the results were all negative. Id. (citing
R. BENZ, A. CARSTEN, J. BAUM & A. KUCHNER, MUTAGENICITY AND ToxICITY OF
60-Hz MAGNETIC AND ELECTRIC FIELDS (1987) (Technical Report prepared for
New York State Power Lines Project, Albany, N.Y.); M. COHEN, IN VITRO GE-
NETIC EFFECT OF ELECTROMAGNETIC FIELDS (1986) (same); G. LIVINGSTON, 0.
GANDHI, I. CHATrERJEE, K. WITr, & J. ROTI, REPRODUCTIVE INTEGRITY OF MAM-
MALIAN CELLS EXPOSED TO 60-Hz ELECTROMAGNETIC FIELDS (1986) (same)).
Although ELF fields have not been found to cause structural alterations in DNA,
changes in DNA synthesis rates and in the transcription patterns of RNA have
been observed in cells exposed to ELF fields. See infra note 35 and accompany-
ing text.
32. Id. at 31. For a discussion of experiments designed to determine
whether exposure to ELF fields may be a cancer promoter, see infra notes 33-36
and accompanying text.
33. Any change in the ability of cells to grow may affect cancer promotion.
Several experiments have found an unusual outward flow of calcium from cell
membranes in brain tissue exposed in vitro to an ELF field, although the effect
was observed at some frequencies and intensities, but not at others. OTA, supra
note 12, at 25-28 (citing Bawin & Adey, Sensitivity of Calcium Binding in Cerebral
Tissue to Weak Environmental Electric Fields Oscillating at Low Frequency, 736 PROC.
NAT'L ACAD. SCI. 1999 (1976); Blackman, Benane, House &Joines, Effects of ELF
(1-120Hz) and Modulated (50 Hz) RF Fields on the Efflux of Calcium Ions from Brain
Tissue In Vitro, 6(1) BIOELECTROMAGNETICS 1 (1985)). This finding of calcium
flow is significant because calcium flow regulates cell growth and division. Id. at
25. One researcher claimed that exposed cancer cells proliferated more rapidly
than unexposed cancer cells. Id. at 31-32 (citing W. WINTERS, BIOLOGICAL FUNC-
TIONS OF IMMUNOLOGICALLY REACTIVE HUMAN AND CANINE CELLS INFLUENCED BY
IN VITRO EXPOSURE TO 60-Hz ELECTRIC AND MAGNETIC FIELDS (1986) (Technical
Report prepared for New York State Power Lines Project, Albany, N.Y.)). An
attempt to replicate the Winters study found no significant effect of ELF expo-
sure on cell proliferation, however. Id. (citing M. COHEN, THE EFFECTS OF Low-
LEVEL ELECTROMAGNETIC FIELDS ON CLONING OF Two HUMAN CANCER CELL
LINES (CoLo 205 AND COLO 320) (1987) (Technical Report prepared for New
York State Power Lines Project, Albany, N.Y.)).
34. Decreased immune response is suspected of accelerating the growth of
some cancer. Id. at 30. One study concluded that exposure to ELF fields did not
change the immunological functions of human or canine white blood cells. Id. at
31 (citing W. WINTERS, BIOLOGICAL FUNCTIONS OF IMMUNOLOGICALLY REACTIVE
HUMAN AND CANINE CELLS INFLUENCED BY IN VITRO EXPOSURE TO 60-Hz ELEC-
TRIC AND MAGNETIC FIELDS) (1986)). Another study, however, found that expo-
sure to ELF fields did affect the ability of certain mouse white blood cells to kill
cancer cells. Id. (citing D. LYLE, R. AYOTrE, A. SHEPPARD & W. ADEY, PROLIFERA-
TION OF MYELOID LEUKEMIA CELLS LINES & ALLOGENEIC TOXICITY IN THE PRES-
ENCE OF 60-Hz FIELDS (1986) (Contractors' Review Meeting, U.S. Department of
10
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affecting the ability of the cell to produce appropriate proteins
through enzyme induction or inhibition.3 5 Taken together, the in
vitro experiments suggest that exposure to ELF fields may initiate
cellular changes capable of promoting cancer.3 6
These cellular effects do not, however, indicate any clear im-
pact of ELF exposure on humans.37 Further, the cell level experi-
ments do not clarify the complex relationship between exposure
and health. Some of the observed effects occur at some frequency
and intensity values but not at others. Other effects depend upon
the duration of the exposure. Still other effects persist only for a
short time after the exposure is discontinued. In short, unlike the
more familiar environmental hazards posed by chemical agents or
ionizing radiation, these results do not indicate that if some expo-
sure is bad then more exposure is worse, nor do they indicate that
there is some level of exposure that is "safe" for purposes of reg-
ulating the maximum fields to be generated by electric transmis-
sion and distribution lines. 38
Energy Office of Energy Storage and Distribution and the Electric Power Re-
search Institute Health Studies Program, Denver, Colo.)). If this reduced capac-
ity is found in the human body, ELF fields may be found to inhibit the body's
resistance to cancer growth. Id.
35. Ornithine decarboxylase (ODC) is an enzyme essential for cell growth.
Any agent that promotes cell growth also increases ODC activity. Highly in-
creased ODC activity has been found to indicate malignancy. Id. at 32. Studies
have found that certain cells exposed to ELF fields demonstrate increased ODC
activity. Id. (citing Byus, Pieper & Adey, The Effects of Low-Energy 60-Hz Environ-
mental Electromagnetic Field upon the Growth-Related Enzyme Ornithine Decarboxylase, 8
CARCINOGENESIS (1986)).
RNA transcribes command codes from DNA into proteins for the physiolog-
ical functioning of the cell. Id. at 29. Changes in DNA synthesis rates and in the
transcription rates of RNA have been observed in cells exposed to ELF fields.
Id. One study found increased DNA synthesis in mouse leukemia cells exposed
to ELF fields. Id. at 31 (citing Liboff, Williams, Strong & Wistar, Time-Vaying
Magnetic Fields: Effect on DNA Synthesis, 223 Sci. 818 (1984)). Another study
found increased DNA synthesis in human colon cancer cells exposed to ELF
fields. Id. (citing W. WINTERS, BIOLOGICAL FUNCTIONS OF IMMUNOLOGICALLY RE-
ACTIVE HUMAN AND CANINE CELLS INFLUENCED BY IN VITRO EXPOSURE TO 60-Hz
ELECTRIC AND MAGNETIC FIELDS (1986) (Technical Report prepared for New
York State Power Lines Project, Albany, N.Y.)). The Winters study, however,
could not be replicated and its validity has been questioned. Id. at 32.
36. OTA, supra note 12, at 33.
37. It is important to keep in mind that in vitro experiments are conducted
under artificial conditions, with the cell isolated from all the interrelated systems
that make up the whole organism. Results observed under these conditions may
not be duplicated under comparable exposure of the whole organism, and the
effect on humans, if any, will be even less predictable. Id. at 24.
38. See id. at 25.
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2. The Whole Animal Studies
The results of the whole animal studies confirm that there are
"windows" of exposure that have different biological effects on
living things than either higher or lower levels of exposure, 39 and
that some effects of exposure to ELF fields are transitory. 40 Con-
trary to some of the in vitro experiments, 4 1 however, whole
animal studies have failed to produce any results showing an ad-
verse impact of ELF exposure on blood and immune system
chemistry. 42 There is some evidence that exposure to ELF fields
can affect hormonal secretions in living animals. 43 The evidence
thus far, however, indicates that the effect is one of a "phase
shift," or a change in the timing of peak hormonal levels, rather
than a permanent alteration of hormonal balance. 44 Exposure
39. Id. at 37 (citing K. OSSENKOPP & D. CAIN, ELF Low INTENSITY MAG-
NETIC FIELDS AND EPILEPSY (1986) (Technical Report prepared for New York
State Power Lines Project found exposure to ELF fields at one intensity reduced
epileptic seizures in rats, but exposures at higher or lower intensities had no
effect)).
40. Id. at 37-38 (citingJ. THOMAS &J. SCHROT, INVESTIGATION OF POTENTIAL
BEHAVIORAL EFFECTS OF EXPOSURE TO 60-Hz ELECTROMAGNETIC FIELDS (1986)
(Technical Report prepared for New York State Power Lines Project found
change in learning disappeared within a day even when ELF exposure contin-
ued); Wilson, Anderson, Hilton & Phillips, Chronic Exposure to 60-Hz Electric Fields:
Effects on Pineal Function in the Rat, 2(4) BIOELECTROMAGNETICS 371 (1981) (phase
shift in hormonal levels in rats after two or three weeks of exposure, effect disap-
peared within three days of end of exposure)).
41. For a discussion of effects on immune system chemistry at the cellular
level, see supra note 34 and accompanying text.
42. OTA, supra note 12, at 39 (citingJ. MORRIS, M. FRAZIER & L. ANDERSON,
EFFECTS OF 60-Hz FIELDS ON IMMUNE RESPONSE OF RATS (1987) (Technical Re-
port, Contractors' Review Meeting, U.S. Department of Energy Office of Energy
Storage and Distribution and the Electric Power Research Institute Health Stud-
ies Program, Kansas City, Mo.) (no effect on immune response when rats ex-
posed to stronger ELF fields) Morris & Phillips, Effects of 60-Hz Electric Fields on
Specific Humoral and Cellular Components of the Immune System, 3 BIOELECTROMAGNET-
ICS 341 (1982) (no significant variation in blood cell counts or antibody re-
sponses of mice); Ragan, Buschbom, Pipes, Phillips & Kaurle, Hematologic and
Serum Chemistry Studies in Rats Exposed to 60 Hz, 4(3) BIOELECTROMAGNETICS 79
(1983) (no variation of blood cell counts of rats)). These experiments imply that
there are no overall changes in immune system performance induced by expo-
sure to electric fields of high intensity over several months. Id.
43. Hormone levels affect muscle, heart, liver, spleen and brain physiology
and control blood pressure, heart beat and the basic metabolic rate. Secretion
of too much or too little of some hormones can cause serious physiological
problems. Id. at 37.
44. Id. at 38 (citing Free, Kaune, Phillips & Cheng, Endocrinological Effects of
Strong 60-Hz Electric Fields in Rats, 2 BEMS 105 (1981); Wilson, Anderson, Hilton
& Phillips, Chronic Exposure to 60-Hz Electric Fields: Effects on Pineal Function in the
Rat, 2(4) BIOELECTROMAGNETICS 371 (1981); Vasquez, Anderson, Lowery &
Adey, Effects of 60 Hertz Fields on the Daily Rhythms of Opiate Receptors, 11 SoC'Y FOR
NEUROSCIENCE ABSTRACTS 443 (1986)).
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has not been shown to have any effect on animal physiology or
metabolism.
Some of the most significant whole animal studies explore
the possible effects of ELF fields on reproduction and develop-
ment. In assessing the importance of these studies, it is necessary
to distinguish between studies using pulsed magnetic fields and
those using non-pulsed fields. 45 Electric transmission and distri-
bution facilities generate non-pulsed fields. Some studies have
found that exposure to pulsed fields increased the incidence of
developmental abnormalities in chicken embryos.46 Attempts to
replicate those studies have had mixed results. 47 Studies using
non-pulsed fields have been less supportive of the hypothesized
link between ELF exposure and developmental abnormalities. 48
While the experimental results in this area have not been consis-
tent, the possibility that exposure to ELF fields may have adverse
consequences for reproduction and development cannot be ruled
out at this time.
Finally, there have been some experiments on perception,
45. Pulsed fields are turned on and off for very brief intervals. The experi-
mental results indicate that pulsed fields have different effects than non-pulsed
fields. Therefore, it is difficult to assess the implications of test results involving
pulsed fields for the potential effects of the non-pulsed ELF fields generated by
power lines. See id. at 39, 41.
46. Id. at 39 (citing Delgado, Lealm, Monteagudo & Garcia, Embyological
Changes Induced by Weak, Extremely Low Frequency Electromagnetic Fields, 134 J. ANAT-
OMY 533 (1982); Ubeda, Leal, Trillo, Jiminez & Delgado, Pulse Shape of Magnetic
Fields Influences Chick Embryogenesis, 137 J. ANATOMY 513 (1983)).
47. Id. (citing Pulsed Magnetic Fields: Conflicting Results, 4 MICROWAVE NEWS,
1984 (increased abnormalities in chicks exposed to weak pulsed fields); G. MAR-
TUCCI, P. GAILEY & R. TELL, INVESTIGATION OF POSSIBLE EFFECTS OF WEAK,
PULSED MAGNETIC FIELDS ON THE CHICK EMBRYO (1984) (contrary results in
Technical Report, Sixth Annual Meeting of Bioelectromagnetics Society, At-
lanta, Ga.); Maffeo, Miller & Carstensen, Lack of Effects of Weak Low Frequency Elec-
tromagnetic Fields on Embryogenesis, 139 J. ANATOMY 613 (1984) (exposure causes
no developmental effects)). The United States Office of Naval Research and the
U.S. Environmental Protection Agency sponsored research at six independent
laboratories in the U.S., Canada and Europe in an attempt to establish whether
the effect of exposure to pulsed fields on chick eggs could be demonstrated con-
sistently. While the exact results in different locations differed, taken together,
there was an overall increase in the proportion of abnormalities in the exposed
group. Id. at 41.
48. Id. (citing BIOLOGICAL EFFECTS OF EXTREMELY Low FREQUENCY ELEC-
TROMAGNETIC FIELDS (R. Phillips, M. Gillis, W. Kaune & D. Mahlum eds. 1979)
(Proceedings of 18th Hanford Life Sciences Symposium, Pacific Northwest Lab-
oratory, Richland, Wash. reporting exposure did not effect litter size, stillbirths,
birthweight or neonatal development in rats exposed to 60 Hz fields immedi-
ately before and after birth); H. GRAVES, EFFECTS OF 60-Hz FIELDS ON CHICK
EMBRYO AND CHICK DEVELOPMENT, GROWTH AND BEHAVIOR (1985) (Technical
Report prepared for Electric Power Research Institute reporting exposure
showed no significant abnormalities)).
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performance and physiology of humans exposed to 60 Hz electric
and magnetic fields. 49 Exposure had no effect on reaction time,
memory span, fatigue or ability to make decisions. Some changes
were noted in heart beat interval, but variation was within the
normal range. Intermittent exposure patterns produced notable
effects on alertness and reaction time.50 No conclusions can be
drawn, however, from these limited experiments.
3. The Epidemiological Studies
Although the in vitro and whole animal studies suggest the
possibility of biological hazards associated with exposure to ELF
fields, the studies that have caused much of the current concern in
this area are epidemiological studies suggesting a link between
exposure to ELF fields and certain forms of cancer. Epidemiolog-
ical studies examine human populations and try to identify statis-
tically significant relationships between particular effects, such as
an increase in the incidence of cancer, and factors which may be
causes of the effect, such as exposure to power-frequency fields.
The mere existence of such a relationship does not establish cau-
sation.51 This limitation on the validity of results is often lost on a
public treated to superficial press accounts of the latest scientific
"proof" of new environmental hazards. Thus, epidemiological
results are particularly persuasive to non-scientists. Because epi-
demiological studies involve human populations, they do not
present the problems of extrapolating from cellular or whole
animal studies to effects in humans. Since epidemiological stud-
ies are retrospective, however, they may suffer from confounding
effects and researcher bias. The epidemiological studies involv-
ing electromagaetic fields are especially vulnerable to these
49. Id. at 50 (citing C. GRAHAM & H. COHEN, INFLUENCE OF 60 HERTZ FIELDS
ON HUMAN BEHAVIOR, PHYSIOLOGY, BIOCHEMISTRY (1987) (Technical Report pre-
pared for the New York State Power Lines Project, Albany, N.Y.)).
50. Id. at 50-51 (citing C. GRAHAM, H. COHEN, M. COOK, M. GERKOVICH &
D. RIFFLE, EFFECTS OF INTERMITrENT EXPOSURE TO 60 Hz FIELDS ON HUMAN
PHYSIOLOGY (1988) (Technical Report, Contractors' Review Meeting, U.S. De-
partment of Energy Office of Energy Storage and Distribution and the Electric
Power Research Institute Health Studies Program, Phoenix, Ariz.)).
51. In fact, scientists have developed elaborate criteria by which to distin-
guish causal from noncausal associations. Relevant considerations include the
strength of the association, the consistency of the association, specificity of the
effect, temporality (cause should precede effect), the existence of a dose-re-
sponse relationship, biologic plausibility (a potential mechanism for the effect),
supporting experimental evidence and analogy to known agents with similar ef-
fects. Id. at 57 (citing A. Hill, The Environment and Disease: Association or Causation?
58 PROC. ROYAL SOC'Y MED. 295 (1965)).
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criticisms. 5 2
In the mid-1970s, there were reports of studies from eastern
Europe and the Soviet Union suggesting a link between occupa-
tional exposure to electromagnetic fields and certain forms of
cancer and leukemia. 53 A 1979 study in the United States indi-
cated the possibility of a link between electric power distribution
configurations and childhood leukemia. 54 Since that time, several
other epidemiological studies have attempted to ascertain
whether there is a relationship between childhood cancers and
exposure to power-frequency fields. 55 In addition, there have
been epidemiological studies of the relationship between residen-
tial exposure and adult leukemia, 56 and between occupational ex-
posure and leukemia and brain and central nervous system
tumors. 57 While the findings have not been uniformly positive,
52. For a discussion of the criticisms of epidemiological studies, see infra
notes 61-62 and accompanying text.
53. OTA, supra note 12, at 1 (citing V. KOROBKOVA, Y. MOROZOF, M. STO-
LAROV & Y. YAKUB, INFLUENCE OF THE ELECTRIC FIELD IN 500 AND 750 KV
SWITCHYARDS ON MAINTENANCE STAFF AND MEANS FOR ITS PROTECTION (1972)
(Technical Report 23-06, CIGRE paper)).
54. See Wertheimer & Leeper, Electrical Wiring Configurations and Childhood
Cancer, 109 AM. J. EPIDEMIOLOGY 273 (1979) [hereinafter Wertheimer & Leeper
I].
55. See OTA, supra note 12, at 58-59 (citing A. MYERS, R. CARTWRIGHT, J.
BONNELL, J. MALE & S. CARTWRIGHT, OVERHEAD POWER LINES AND CHILDHOOD
CANCER (1985) (Technical Report, Proceedings of the International Conference
on Electric and Magnetic Fields in Medicine and Biology); D. SAVITZ, CASE-CON-
TROL STUDY OF CHILDHOOD CANCER AND EXPOSURE TO ELECTROMAGNETIC FIELDS
(1987) (Technical Report prepared for New York State Power Lines Project, Al-
bany, N.Y.); Fulton, Cobb, Preble, Leone & Forman, Electrical Wiring Configura-
tions and Childhood Leukemia in Rhode Island, 111 AM. J. EPIDEMIOLOGY 292 (1980);
Savitz, Wachtel, Barnes, John & Tvrdik, Case-Control Study of Childhood Cancer and
Exposure to 60-Hertz Magnetic Fields, 128 AM. J. EPIDEMIOLOGY 21 (1988);
Tomenius, 50-Hz Electromagnetic Environments and the Incidence of Childhood Tumors
in Stockholm County, 7 BIOELECTROMAGNETICS 191 (1986)).
56. Id. at 62 (citing R. STEVENS, EPIDEMIOLOGICAL STUDIES OF CANCER AND
RESIDENTIAL EXPOSURE TO ELECTROMAGNETIC FIELDS (1987) (Technical Report
prepared for N.Y. State Power Lines Project, Albany, N.Y.); McDowall, Mortality
of Persons Resident in the Vicinity of Electricity Transmission Facilities, 77 LANCET 246
(1983); Wertheimer & Leeper, Adult Cancer Related to Electrical Wires Near the Home,
11 INT'LJ. EPIDEMIOLOGY 345 (1982) [hereinafter Wertheimer & Leeper II]).
57. Id. at 66-67 (citing Milham, Mortality from Leukemia in Workers Exposed to
Electrical and Magnetic Fields, 307 NEW ENG. J. MED. 249 (1982); Milham, Silent
Keys: Leukemia Mortality in Electrical Workers, 1 LANCET 812 (1985); Lin, Disch-
inger, Conde & Farrell, Occupational Exposure to Electromagnetic Fields and the Occur-
rence of Brain Tumors: An Analysis of Possible Associations, 27 J. OCCUPATIONAL MED.
413 (1985); Thomas, Stolley, Stemhagen, Fontham, Bleecker, Stewart & Hoo-
ver, Brain Tumor Mortality Risk Among Men with Electrical and Electronics Jobs: A Case-
Control Study, 79J. NAT'L CANCER INST. 233 (1987); Tornqvist, Norell & Ahlbom,
Cancer in the Electric Power Industry, 43 BRIT. J. INDUS. MED. 212 (1986); Stern,
Waxweiler & Beaumont, A Case-Control Study of Leukemia at a Naval Nuclear Ship-
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the epidemiological evidence has shown enough of a relationship
to justify further research.
a. ELF Exposure and Cancer in Children
The Wertheimer and Leeper study58 was the first in the
United States to raise serious concern about a possible relation-
ship between electric power distribution lines and childhood can-
cers. The study examined the homes of children who died of
cancer in the Denver area. The homes were classified as HCC
(high current configuration) or LCC (low current configuration)
based upon the authors' estimate of the comparative magnitude
of the magnetic field in the home as determined by the surrogate
measure of wiring configurations. 59 The study showed that chil-
dren living in HCC homes were 1.6 to 2.2 times as likely as con-
trols to die of cancer.60 The study was widely criticized 6' for
failure to use actual measurements of the magnetic fields in-
volved, failure to account for other sources of exposure to mag-
netic fields, failure to account for residential mobility, and failure
yard, 123 AM. J. EPIDEMIOLOGY 980 (1987); Vagero & Olin, Incidence of Cancer in
the Electronics Industry: Using the New Swedish Cancer Environment Registry as a Screen-
ing Instrument, 40 BRIT.J. INDUS. MED. 188 (1983); Vagero, Ahlbom, Olin & Sahl-
sten, Cancer Morbidity Among Workers in the Telecommunications Industry, 42 BRIT. J.
INDUS. MED. 191 (1985)).
58. Wertheimer & Leeper I, supra note 54.
59. Id. at 276-77.
A house was classified as HCC if one of the following conditions was
satisfied: (1) it was close to a large gauge or several (6 or more) thin
primary current-carrying wires from distribution transformers; (2) it
was close to three or more thin primaries or high voltage (50 kv to 230
kv) lines; (3) it was less than 15 meters from wires coming directly from
a transformer. A series of field measurements was performed to con-
firm these classifications.
Id.; see also OTA, supra note 12, at 58.
60. Wertheimer & Leeper I, supra note 54, at 278; OTA, supra note 12, at
58. It is important to remember that when an epidemiological study reports that
something has happened twice as often under one set of circumstances as it has
in the absence of those circumstances, it is not the same thing as proving that it is
more likely than not that the occurrence was caused by the circumstance. In
fact, epidemiological studies are generally not considered probative until they
demonstrate an effect by an order of magnitude, that is, show an association of
l0x. M. GRANGER, ELECTRIC AND MAGNETIC FIELDS FROM 60 HERTZ ELECTRIC
POWER: WHAT Do WE KNOW ABOUT POSSIBLE HEALTH RISKS? 18, 20 (1989) (De-
partment of Engineering and Public Policy, Carnegie Mellon University).
61. OTA, supra note 12, at 58 (citing P. COLE, AN EPIDEMIOLOGIC PERSPEC-
TIVE ON ELECTROMAGNETIC FIELDS AND CANCER (1987) (prepared for the Florida
Department of Environmental Regulation); Savitz & Calle, Leukemia and Occupa-
tional Exposure to Electromagnetic Fields: Review of Epidemiological Surveys, 29J. OCCU-
PATIONAL MED. 47 (1987)).
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to conduct the study "blind." 62 Two subsequent studies found
no association between childhood leukemia and estimated expo-
sure to magnetic fields. 63 A Swedish study, however, did find a
relationship between childhood cancer and exposure to magnetic
fields.64
The most sophisticated study was undertaken by Savitz in an
effort to replicate the Wertheimer and Leeper study while cor-
recting its methodological defects.65 This study also involved
children living in Denver who were diagnosed with cancer. The
researchers first confirmed that the overall cancer rate for chil-
dren in Denver was equivalent to the national childhood cancer
rate. They used both wire coding and actual measurements of
fields within the home to characterize the residential environ-
ment. Exposure assessments were made at three times in the
child's life to control for residential mobility.66 A detailed ques-
tionnaire elicited information about possible confounding factors.
The study also considered other sources of ELF fields present in
the home.67 Exposures were divided into four ranges68 and can-
cers were divided into subgroups.69
The results of the Savitz study basically confirmed the find-
ings of the Wertheimer and Leeper study, while eliminating many
62. A "blind" study is a method by which researchers using subjective crite-
ria conduct their observations without knowing which subjects are exposed and
which are controls, thus eliminating bias on the part of the observers. Id. At 62.
63. Id. at 58 (citing A. MYERS, R. CARTWRIGHT, J. BONNELL, J. MALE & S.
CARTWRIGHT, OVERHEAD POWER LINES AND CHILDHOOD CANCER (1985) (Techni-
cal Report, Proceedings of International Conference on Electric and Magnetic
Fields in Medicine and Biology); Fulton, Cobb, Preble, Leone & Forman, Electri-
cal Wiring Configurations and Childhood Leukemia in Rhode Island, 111 AM. J. EPIDEMI-
OLOGY 292 (1980)).
64. Id. (citing Tomenius, 50-Hz Electromagnetic Environments and the Incidence
of Childhood Tumors in Stockholm County, 7 BIOELECTROMAGNETICS 191 (1986) (find-
ing that children with cancer are twice as likely to have lived in homes with front-
door magnetic field measurement of 3 mG or more than control children)).
65. Id. at 59 (citing D. SAVITZ, CASE-CONTROL STUDY OF CHILDHOOD CANCER
AND EXPOSURE TO ELECTROMAGNETIC FIELDS (1987) (Technical Report prepared
for New York State Power Lines Project, Albany, N.Y.); Savitz, Wachtel, Barnes,
John & Tvrdik, Case-Control Study of Childhood Cancer and Exposure to 60-Hertz Mag-
netic Fields, 128(1) AM. J. EPIDEMIOLOGY 21 (1988)).
66. The exposure assessments were of the home at the time of the child's
birth, the home two years before diagnosis, and the home at the time of diagno-
sis. Id.
67. Other possible sources included electric heat and hot water, appliances
and electric blankets. Id.
68. The field level ranges were: less than 0.65 mG, 0.66 to 0.99 mG, 1.00
to 2.49 mG, and 2.5 mG and above. Id.
69. The subgroups were: "leukemia, lymphoma, brain tumors, soft tumors,
and 'other cancers.' " Id. at 61.
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of the methodological criticisms. The results showed that the
highest magnetic field level (2.5+ mG) showed an increased risk
for all cancers of approximately thirty percent.70 The increased
risk was related to exposure levels two years before diagnosis and
at the time of diagnosis, but not at the time of birth. Higher elec-
tic field values did not produce a higher risk of cancer. 7' Other
results of the study were more difficult to interpret. For example,
there was a significant difference between results based on mea-
sured field strengths and those based on the wire coding. 72 Fur-
ther, a correlation was demonstrated between cancer and "low
power condition" measured fields (measurements made with
household appliances turned off), but not between cancer and
"high power condition" measured fields (measurements made
with household appliances turned on). 73 Finally, a striking result
that has received virtually no attention in the literature is that
electric heat in the residence at birth, at two years before diagno-
sis and at diagnosis was associated with a 250% increase in cer-
tain cancers-an effect stronger than any effect noted for either
power line configurations or power line related magnetic field
measurements.
74
While this study falls far short of proving causation, the in-
creased incidence of cancer certainly justifies concern and further
research. It is especially disturbing that the Wertheimer and
Savitz studies involved residential exposure created by proximity
to ordinary distribution facilities rather than high voltage trans-
mission facilities. Far more people are exposed to ELF fields gen-
erated by distribution facilities, and even the most aggressive
state regulation to date has been of transmission rather than distri-
bution facilities. 75
b. ELF Exposure and Cancer in Adults
The relationship between residential exposure to electro-
magnetic fields and adult cancer has been explored in three stud-
ies, with conflicting results. Wertheimer and Leeper used a
70. Id.
71. Id. Leukemia appeared to be the form of cancer most effected by expo-
sure with a 23% increase at the 1.00 mG to 2.49 mG level (the only cancer to be
effected at this exposure level) and a 111% increase at the 2.5 mG and above
level. Higher electric field values did not show a higher risk of cancer. Id.
72. See NYPLP, supra note 4, at 84 (summary of Savitz study).
73. Id.
74. OTA, supra note 12, at 61.
75. See supra notes 192-96 and accompanying text.
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methodology which parallelled their study of childhood cancer to
examine the relationship between residential exposure and adult
cancers in Denver. 76 They reported a systematic increase in the
risk of cancer of the nervous system, uterus and breast with
higher current configurations. 7 7 In a study financed by the New
York State Power Lines Project, researchers found no association
between wiring configurations or field measurements and acute
nonlymphocytic leukemia in adults in Seattle. 78 Another study of
people living near power substations and transmission lines in
England found no increased leukemia mortality. 79
There have also been a number of studies of the relationship
between occupational exposure to electromagnetic fields and can-
cer or leukemia. The report of the Office of Technology Assess-
ment concluded that the studies, taken together, indicate a small
positive association or no association at all.8 0 That conclusion
must be based upon an evaluation of the inherent limitations of
the occupational studies because the studies themselves over-
whelmingly indicate a statistically significant relationship. The
most important limitation on the studies is the fact that the job
classifications do not provide a very good indication of the prob-
able exposure to electromagnetic fields."' Further, the studies
76. Wertheimer & Leeper II, supra note 56, at 345-50.
77. Id. at 353-54.
78. OTA, supra note 12, at 62 (citing R. STEVENS, EPIDEMIOLOGICAL STUDIES
OF CANCER AND RESIDENTIAL EXPOSURE TO ELECTROMAGNETIC FIELDS (1987)
(Technical Report prepared for New York State Power Lines Project, Albany,
N.Y.)).
79. Id. (citing McDowall, Mortality of Persons Resident in the Vicinity of Electricity
Transmission Facilities, 77 LANCET 246 (1983)).
80. Id. at 63.
81. Id. at 65. One study of the link between occupational exposure and
brain/central nervous system tumors did try to estimate actual exposure on the
job, using occupational data from Maryland for 1974 to 1984. That study found
a 120% increase in risk for jobs with "definite" exposure, a 100% increase in
risk for jobs with "probable" exposure, a 40% increase in risk for jobs with
"possible" exposure and no increase in risk for jobs with "no" exposure. Id.
(citing Lin, Dischinger, Conde & Farrell, Occupational Exposure to Electromagnetic
Fields and the Occurrence of Brain Tumors: An Analysis of Possible Association, 27 J.
OCCUPATIONAL MED. 413 (1985)).
Another study combined and examined data from eleven studies and found
a consistently reported elevation of risk of leukemia in job classifications de-
scribed as "electrical equipment assemblers," "aluminum workers," "telegraph,
radio, and radar operators," and "streetcar, subway, and elevated railway motor-
men." Id. at 63-64 (citing Savitz & Calle, Leukemia and Occupational Exposure to
Electromagnetic Fields: Review of Epidemiological Surveys, 29 J. OCCUPATIONAL MED.
47 (1987)). Five studies of Swedish workers, however, failed to find any excess
risk for brain/central nervous system cancer in electrical occupations. Id. at 65
(citations omitted).
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make no attempt to consider household exposure, or other con-
founding variables.
There are serious limitations on the ability of epidemiologi-
cal studies to establish a causal relationship between exposure to
electromagnetic fields and cancer, especially in light of the inabil-
ity to isolate the subjects of the studies from other sources of ELF
exposure or to accurately measure the exposure that has oc-
curred. Further, there have been conflicting results for each
group of victims and type of exposure studied. The volume of
positive findings, in conjunction with the results of the in vitro
and whole animal experiments, however, precludes any categori-
cal denial of a relationship between cancer and exposure.
4. Summary and Analysis of the Existing Evidence
The case for human health hazards associated with exposure
to ELF fields is less than compelling. The experimental data
demonstrates that exposure to ELF fields can result in biological
effects. Thus far, in vitro studies have shown that exposure does
not alter the structure of DNA, s2 but may alter the rate at which
DNA is synthesized.85 There is some indication that ELF expo-
sure may effect cellular growth rates, 84 but experiments designed
to test whether exposure to ELF fields enhances the growth and
proliferation of cancer cells have had mixed results.8 5 It has been
hypothesized that exposure may adversely effect the immune sys-
tem, but the results of the in vitro experiments have again been
inconsistent, with a finding of some effect on mouse immune cells
being contrasted with a finding of no such effect on human or
canine immune cells. 86 Whole animal experiments have consist-
ently found no adverse effect of ELF exposure on blood and im-
mune system chemistry.8 7 There is some evidence that exposure
to ELF fields can effect the timing of hormonal secretions in living
82. For a discussion of the effect of ELF fields on the structure of DNA, see
supra note 31 and accompanying text.
83. For a discussion of and citations to studies revealing an effect on DNA
synthesis rates, see supra note 35 and accompanying text.
84. For a discussion of the possible effects of ELF exposure on cell growth,
see supra note 33 and accompanying text.
85. See id.
86. For a discussion of and citations to studies concerning the effects of
ELF fields on immune systems, see supra note 34 and accompanying text.
87. For a brief summary of the results of and citations to studies concerning
the effects of ELF exposure on blood and immune system chemistry, see supra
notes 42 and accompanying text.
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animals, 88 but does not appear to have any effect on human physi-
ology, perception or performance. 89 There is some indication
that exposure to ELF fields may have adverse effects on reproduc-
tion and development, 90 although most of the positive results in
this area have been based on exposure to pulsed fields. Most sig-
nificantly, the epidemiological studies, inconclusive and contra-
dictory though they may be, have suggested the possibility of a
relationship between exposure to ELF fields and cancer that can-
not be ignored.9'
While the implications of these studies justify additional re-
search, it would be both difficult and futile to base any significant
regulation of electric transmission and distribution systems on
the rather limited data currently available. At best, various exper-
iments have demonstrated that particular cells or animals have
shown particular responses to exposure to ELF fields of particular
frequencies and intensities for specific durations. The mecha-
nisms by which those effects occur are not known. It is also un-
known whether the changes that have been observed are in fact
harmful to the organisms involved, whether they would be harm-
ful if they occurred in humans, or whether exposure to ELF fields
results in numerous biological effects that in fact cancel each
other out. 92 Additionally, it is unknown whether humans or other
animals are able to adapt to exposure, either immediately or after
some threshold period of adjustment. 93 It is known that in some
of the experiments demonstrating biological effects, the effects
disappeared upon increased, as well as decreased, exposure.9 4
Therefore, it is impossible to conclude that any given level of ex-
posure will be harmless, no matter how precisely its frequency,
88. For a discussion of the possible effects of ELF exposure on hormonal
secretions in living animals, see supra notes 43-44 and accompanying text.
89. For a discussion of studies concerning the effects of ELF exposure on
human physiology, perception or performance, see supra notes 49-50 and ac-
companying text.
90. For a discussion of the possible effects of ELF exposure on reproduc-
tion and development, see supra notes 45-48 and accompanying text.
91. For a discussion of the epidemiological studies, see supra notes 51-81
and accompanying text.
92. Some of the experimental results point in this direction. For example,
changes in the immune system have been observed at the cellular level, but
there appears to be no effect on the immune system in whole animals. See supra
notes 34, 42 and accompanying text.
93. For an example of some adjustment periods, see supra note 40 and ac-
companying text.
94. For a discussion of the nonuniformity of biological effects over varying
frequencies and intensities, see supra notes 38-40 and accompanying text.
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intensity and duration are regulated, nor can it be established that
any given level of exposure is definitely harmful. Consequently, it
is impossible at this time to prescribe alterations in electric trans-
mission and distribution systems that are likely to significantly re-
duce the risks, if any, of exposure to ELF fields. 95
At present, the scientific evidence regarding the possibility of
adverse biological effects from exposure to power-frequency
fields, as well as the possibility of reducing or eliminating such
effects, is inconclusive. The remaining question is how the legal
system, including both the judiciary and the various regulatory
agencies, should respond to this scientific uncertainty.
III. RESPONSE OF THE LEGAL SYSTEM TO THE POSSIBILITY OF
BIOLOGICAL HAZARDS
Public utilities providing electric power are highly regulated
entities. The state determines the geographical area in which a
utility may operate, the customers it must serve, the facilities it
may or must build and maintain, the rates it may charge and the
rate of return its investors may earn. Public utilities are subject to
supervision by state regulatory agencies and by state courts, both
directly and through judicial review of agency determinations.
95. Every agency and public body that has studied the possible biological
effects of ELF fields generated by electric power lines has concluded that the
experimental findings are strongly suggestive of biological effects, but do not
establish the existence of any hazard. The OTA Report concluded that "[cur-
rent scientific evidence] does not yet allow us to draw definite conclusions about
questions of possible risk or to offer clear science-based advice on strategies to
minimize or avoid potential risks." OTA, supra note 12, at 67. The State of New
York conducted a five year, five million dollar study including a review of all
available research results, as well as original research at the cellular level, at the
whole animal level and in the form of epidemiological studies. See NYPLP, supra
note 4. For a discussion of the New York study, see infra notes 208-24 and ac-
companying text. The New York study concluded that there was sufficient evi-
dence of biological effects to warrant further study, but because adverse human
health effects had not been established, the project's science advisory panel
could not make any concrete regulatory recommendations. NYPLP, supra note
4, at 129-35.
The Maryland Public Service Commission held public hearings on the bio-
logical effects of exposure to power-frequency fields, eliciting testimony from
experts in the fields of engineering, physics, genetics, oncology (the study of the
formation of tumors), epidemiology, teratology (the study of birth defects), en-
docrinology and immunology. The commission concluded that no causal rela-
tionship between exposure to electric and/or magnetic fields and adverse health
effects had been established. Public Serv. Comm'n of Md., Case No. 7004 (May
1, 1990). The Wisconsin Public Service Commission also held public hearings
and concluded that electric fields from transmission lines do not pose a signifi-
cant health concern to the general public, and that the research to date does not
establish that there is a health risk associated with magnetic fields. Public Serv.
Comm'n of Wis., Docket No. 05-EP-5, 102 P.U.R.4th 245, 248 (Apr. 6, 1989).
[Vol. 36: p. 129
22
Villanova Law Review, Vol. 36, Iss. 1 [1991], Art. 3
https://digitalcommons.law.villanova.edu/vlr/vol36/iss1/3
1991] RESPONSES TO ELECTROMAGNETIC FIELDS 151
After a brief description of the process by which electrical trans-
mission and distribution facilities are constructed, this section will
discuss the historical response of the legal system to claims that
the construction of electrical transmission and distribution facili-
ties has caused or may cause injury, and the system's current re-
sponse to claims that ELF fields may or do pose biological
hazards.
The typical procedure for approval of new construction of
electrical facilities requires the utility proposing construction to
obtain the approval of the state Public Service Commission
(PSC).96 The utility generally has the burden of proving to the
PSC that the proposed facility is necessary for the efficient and
economical delivery of adequate power to the relevant service
area.97 Many jurisdictions also require the PSC to consider the
96. Procedural requirements vary considerably by jurisdiction. The follow-
ing discussion of the procedure required in the State of New York illustrates a
common division of responsibility.
The first step in the process of constructing a power line is the filing of a
Resolution of Need by the Power Authority of the State of New York (PASNY)
for a transmission facility. N.Y. PUB. AUTH. LAw § 1005 (McKinney 1982). The
Resolution is filed with the Public Service Commission. Next, an eminent do-
main application must be filed for acquisition of the land to be used for the
construction as a "public project." See N.Y. EM. DOM. PROC. LAw § 103 (McKin-
ney 1979); N.Y. Pub. Auth. Law § 1007 (McKinney 1982). Prior to actual acqui-
sition and use, PASNY must hold public hearings and present findings as to
public use and benefit, approximate location and environmental impact of the
construction. N.Y. EM. DOM. PROC. LAw § 201-203 (McKinney 1979). Effective
notice must be given to the public concerning location and time of hearings. Id.
§ 202. The statement of environmental impact may encompass such factors as
health, scenic beauty and future expansion. Greene County Planning Bd. v.
Federal Power Comm'n, 559 F.2d 1227 (2d Cir. 1976), cert. denied, 434 U.S. 1086
(1978). Viable alternative routes also must be explored and presented by
PASNY. See N.Y. EM. DOM. PROC. LAW § 203. Opportunity must be made for
affected persons to give their views. Id. The PSC must be satisfied with the
environmental impact statement filed by PASNY. Other concerns weighed by
the PSC are reliability and stability of the site and the need for electricity of the
public. After the hearings and statements are finished, the record may be re-
opened to examine further evidence if such evidence would require a change in
result. Greene County Planning Bd., 559 F.2d at 1233. PASNY must also publish
the findings of the hearing in an official newspaper to ensure public awareness,
unless a certificate of environmental compatibility has first been obtained. N.Y.
EM. DOM. PROC. Lw § 204.
97. See, e.g., Greene County Planning Bd., 559 F.2d at 1232 (evidence about
present and future proposals for which a transmission line would have addi-
tional utility unnecessary where substantial evidence showing transmission line
necessary for state to make optimal use of existing storage facility); Louisiana
Power & Light Co. v. Mobley, 482 So. 2d 706, 708 (La. Ct. App. 1985) (decision
to construct power line will not be disturbed when ample and unrebutted evi-
dence demonstrated line needed to fulfill-current and future electrical needs of
area); Department of Envtl. Resources v. Public Util. Comm'n, 18 Pa. Commw.
558, 567, 335 A.2d 860, 865 (1975) (burden to affirmatively support application
for certificate of public necessity rests upon utility), aff'd, 473 Pa. 378, 374 A.2d
23
Young: Regulatory and Judicial Responses to the Possibility of Biologica
Published by Villanova University Charles Widger School of Law Digital Repository, 1991
152 VILLANOVA LAW REVIEW [Vol. 36: p. 129
environmental impact of the project, disallowing approval unless
the PSC is satisfied that the proposed facility will have the mini-
mum environmental impact necessary to provide the needed ser-
vice, considering the state of available technology and the nature
and economics of the various alternatives. 98 Once a proposed
power line route has been selected, the PSC notifies affected land-
owners of the proposal and holds public hearings on the necessity
of the new construction and the advisability of any alternative
routes submitted for consideration by the utility or any objecting
party. 99 Most states have procedures for interested parties to reo-
pen the record to insure appropriate consideration of information
that becomes available after the PSC has made its decision.' 00
Generally, the PSC has continuing jurisdiction over regulatory
decisions affecting the construction, operation and maintenance
of all utility transmission lines.' 0
693 (1977); Montana Power Co. v. Bokma, 153 Mont. 390, 398-99, 457 P.2d
769, 774 (1969) (evidence that power line necessary to meet increased power
needs of region and pumping station needs was sufficient public use for con-
demnation); N.Y. PUB. AUTH. LAw § 1005 (McKinney 1982) (power authority
required to demonstrate present or future necessity prior to construction of
electric generating or transmission facilities).
98. See, e.g., Florida Power Corp. v. Gulf Ridge Council, 385 So. 2d 1155,
1156-57 (Fla. Dist. Ct. App. 1980) (electric company abused its discretion under
Florida law in considering only most direct and economical route and in failing
to weigh other important factors, such as safety and impact of proposed power
lines on environment); In re Bangor Hydro-Elec. Co., 314 A.2d 800, 811-12 (Me.
1974) (eminent domain statute demands that commission take into account all
factors bearing on public interest, including environmental factors); New York
State Elec. & Gas Corp. v. Karas, 85 A.D.2d 758, 759, 445 N.Y.S.2d 279, 280
(1981) (Commissioner not required to hold public hearings where petitioner es-
tablished environmental impact and public need of proposed transmission line
to satisfaction of PSC).
99. See, e.g., Woida v. United States, 446 F. Supp. 1377, 1381 (D. Minn.
1978) (twelve public hearings conducted by state environmental quality board to
determine appropriate corridor for power lines); White Mountain Power Co. v.
Whitaker, 106 N.H. 436, 438, 213 A.2d 800, 802 (1965) (Public Utilities Com-
mission elicited "unanimous" evidence in hearings held to analyze six possible
power line routes).
100. See Costello v. Department of Pub. Utils., 391 Mass. 527, 530 n.5, 462
N.E.2d 301, 305 n.5 (1983) (procedural rules provide that hearings may be re-
opened after showing of good cause); see also Greene County Planning Bd., 559 F.2d
at 1233 (agency has "obligation to make corrections when it has been relying on
erroneous factual assumptions, especially where broad public interests are at
stake").
101. See, e.g., Atwell v. Power Auth., 67 A.D.2d 365, 415 N.Y.S.2d 476
(1979). Section 126 of the New York Public Service Law empowers the Public
Service Commission to certify a transmission line "upon such terms, conditions,
limitations or modifications of the construction or operation of the facility as the
Commission may deem appropriate." N.Y. PUB. SERV. LAw § 126 (McKinney
1989). The Atwell court construed this statutory language to grant the Commis-
sion the power to condition authorization of a transmission line upon acquisi-
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Once the PSC has given final approval, the utility is free to
begin acquiring the necessary property rights to the land on
which the facility will be constructed. The utility generally negoti-
ates with landowners to purchase the necessary property or ease-
ment sufficient for construction and maintenance of the power
line. If the utility and the landowner cannot agree on a price,
then the utility is entitled tO exercise the power of eminent do-
main.' 0 2 The landowner may challenge the right of the utility to
acquire his land by eminent domain.' 0 3 Although the grounds
supporting a successful challenge vary by jurisdiction, generally
the landowner must establish that the utility did not consider the
appropriate factors in choosing its proposed route, 0 4 that the
commission erred in granting the certificate of public necessity
and convenience' 0 5 or that the commission incorrectly overruled
tion by the utility of a sufficiently wide right-of-way to protect against risks
imposed by the line. Atwell, 67 A.D.2d at 378, 415 N.Y.S.2d at 482.
In general, a public service commission has broad statutory powers in su-
pervising the actions of utilities within its jurisdiction. The commission, how-
ever, is not empowered to serve as a board of managers and to conduct the daily
affairs of a utility unless an abuse of discretion by the utility is established. See
73B C.J.S. Public Utilities §§ 66-67 (1983) (collecting cases from most federal and
state jurisdictions).
102. See, e.g., Johnson v. Consolidated Gas, Elec. Light & Power Co., 187
Md. 454, 458, 50 A.2d 918, 920 (1947) (utility company had power of condem-
nation under Maryland law); Montana Power Co., 153 Mont. at 394, 457 P.2d at
772 (Montana legislature empowered utility to acquire property by eminent do-
main); see also Arkansas Power & Light Co. v. Melkovitz, 11 Ark. App. 90, 668
S.W.2d 37 (1984) (action by utility company to condemn defendant's land for
easement for power transmission line); Linnebur v. Public Serv. Co. of Colo.,
716 P.2d 1120, 1121 (Colo. 1986) (eminent domain proceeding initiated by util-
ity company to condemn easement for installation of high voltage electrical
transmission lines across defendant's property).
103. See, e.g., Colchio v. United States, 286 F. Supp. 507, 510 (N.D. Cal.
1968) (affected property owners have right in eminent domain actions to raise
defenses concerning public purpose and statutory authorization); Montana Power
Co., 153 Mont. at 397, 457 P.2d at 774 ("Before... condemnation, [the commis-
sion] must find that the proposed taking is necessary to the public use under the
circumstances of the individual case."); N.Y. EM. DOM. PROC. LAw § 207 (McKin-
ney 1979) (authorizing condemnee to challenge constitutionality and statutory
authority of condemnation); 26 PA. CONS. STAT. ANN. § 1-406 (Purdon 1958 &
Supp. 1990) (condemnee may file preliminary objections challenging power or
right of condemnor to appropriate condemned property).
104. See Florida Power Corp., 385 So. 2d at 1157 (commission abused discre-
tion by failing to consider factors such as safety and environment); Montana
Power Co., 153 Mont. at 399-400, 457 P.2d at 775 ("[W]hen the condemnor fails
to consider the question of the least private injury between alternate routes
equal in terms of public good, its action is arbitrary and amounts to an abuse of
discretion.").
105. See, e.g., Department of Envtl. Resources v. Commonwealth Pub. Util.
Comm'n, 18 Pa. Commw. 558, 335 A.2d 860 (1975), aff'd, 473 Pa. 378, 374 A.2d
693 (1977).
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objections to the proposed route. 106 A deferential standard of re-
view is usually applied and the landowner rarely succeeds in stop-
ping the condemnation. 10 7 Once the utility establishes its right to
acquire the property, the issue of just compensation must be re-
solved by the trier of fact.108 In most jurisdictions, compensation
is awarded for the value of the land actually taken, and the land-
owner is also entitled to recover severance damages for the re-
duction in the value of his remaining property caused by the use
of the condemned portion. 0 9 Another common formula for
measuring damages in these cases provides that the landowner is
entitled to the difference between the market value of his entire
parcel immediately before the condemnation and the market
value of the remainder after the condemnation."I0 As a practical
matter, there is not much difference between the two formulas. "l
Given the extensive oversight by legal institutions in this
106. See Southwest La. Elec. Membership Corp. v. Simon, 207 So. 2d 546,
560-61 (La. Ct. App. 1968) (when record indicates that route other than one
selected by power company is safer and more convenient to landowners, alterna-
tive route should be used); In re Bangor Hydro-Electric Co., 314 A.2d 800, 812
(Me. 1974) (relative appropriateness of alternative route is factor which commis-
sion must consider in determining propriety of proposed transmission line loca-
tion). But see Basin Elec. Power Coop. v. Payne, 298 N.W.2d 385, 388 (S.D.
1980) ("The landowner may not object merely because some other location
might have been made or some other property obtained that would have been as
suitable for the purpose.").
107. See Johnson v. Consolidated Gas, Elec. Light & Power Co., 187 Md.
454, 463, 50 A.2d 918, 922 (1969) ("[T]he Court in passing upon whether the
condemnation sought is reasonable and necessary is limited in its inquiry as to
whether the discretion exercised by the party condemning is honestly exer-
cised."); Basin Elec. Power Coop., 298 N.W.2d at 388 (abuse of discretion); Brown
v. Lower Colo. River Auth., 485 S.W.2d 369, 371-72 (Tex. Civ. App. 1972)
(standard of review is whether condemning authority's action was arbitrary and
capricious).
108. See Arkansas Power & Light Co. v. Melkovitz, 1 Ark. App. 90, 668
S.W.2d 37 (1984); San Diego Gas & Elec. Co. v. Daley, 205 Cal. App. 3d 1334,
253 Cal. Rptr. 144 (1988); Evans v. Iowa S. Util. Co., 205 Iowa 283, 218 N.W. 66
(1928); Ohio Pub. Serv. Co. v. Dehring, 34 Ohio App. 532, 172 N.E. 448 (1929).
109. See Daley, 205 Cal. App. 3d at 1344-45, 253 Cal. Rptr. at 149-50; Ev-
ans, 218 N.W. at 69, 205 Iowa at 288-89; Claiborne Elec. Coop., Inc. v. Garret,
357 So. 2d at 1257-58; Texas Pipeline Co. v. Barbe, 229 La. 191, 85 So. 2d 260
(1955).
110. See, e.g., Selective Resources v. Superior Court, 145 Ariz. 151, 153, 700
P.2d 849, 851 (Ariz. Ct. App. 1984) ("Damages to the remaining parcel of land
consist of the difference between its value immediately before the date the sum-
mons for condemnation is filed and its value immediately after severance.");
Melkovitz, 11 Ark. App. at 94-95, 668 S.W.2d at 40-41 (evidence of fair market
value may include testimony as to effect of erection of transmission line on
saleability of property).
111. Canyon View Ranch v. Basin Elec. Power Corp., 628 P.2d 530, 541
(Wyo. 1981).
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area, it is not surprising that both the courts and the public utility
commissions have now been called upon to respond to the possi-
bility that exposure to electromagnetic fields generated by power
lines may be hazardous to human health. The proven existence
of such hazards would obviously affect the decisions of PSCs
about the siting of new power lines. Such proof would also affect
the level of scrutiny employed by most courts when reviewing
these siting decisions, as well as the amount of severance damages
awarded in eminent domain proceedings. Further, if adjoining
landowners could establish the existence of a significant health
hazard, the utility would certainly have to condemn a wider right
of way in order to protect the people living along the transmis-
sion route. Finally, if such hazards are established, tort liability
may arise for personal injuries caused by exposure to power-fre-
quency fields." 12 If exposure to electromagnetic fields is estab-
lished as biologically hazardous, the existing legal and regulatory
framework would be quite capable of adjusting the rights of the
parties.
This article, however, addresses and evaluates the present
legal and regulatory response to claims of unproven biological
hazards from electromagnetic fields and proposes how courts and
regulators should respond to this current state of scientific
uncertainty.
A. The Role of the Courts
1. Attempts to Halt Power Line Construction for Reasons Unrelated to
ELF Fields
Opposition to power line construction began with the first
large scale efforts to build electrical transmission and distribution
systems. From the beginning, a sizeable number of property-
owners have expressed the opinion that power lines should not
be constructed in their backyard. Understandably, public utilities
required to satisfy growing demands for power, and PSCs
112. If the alleged hazards are established by the greater weight of scientific
evidence, a number of parties could be liable in tort for personal injuries and
property damage caused by exposure to power-frequency fields. Plaintiffs could
go after, inter alia, the utilities that constructed the lines, the PSCs that approved
them and the manufacturers of the equipment used in the transmission and dis-
tribution facilities. Tort liability is presently unavailable because given the cur-
rent state of scientific knowledge, the problem of establishing causation is
insurmountable. Speculation about when or how tort liability might be estab-
lished for ELF exposure is beyond the scope of this article. It might be prudent,
however, for utilities to consider the legal consequences should new information
confirm the existence of adverse health effects.
1991]
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charged with the duty of approving power line construction were
not overly sympathetic to idiosyncratic claims by affected land-
owners. It is also understandable that the aggrieved landowners
appealed to the courts for relief.' 3 While these early challenges
to power line construction did not involve claims of biological
hazards from ELF fields, they set the stage for modern challenges
on that basis.
The first obstacle facing the opponents of power line con-
struction is the standard of review applied by courts in reviewing
decisions to locate new power lines on a particular property. It is
well-established that the condemning authority enjoys broad dis-
cretion in determining the location of a proposed public improve-
ment and a reviewing court will not interfere with that
determination in the absence of abuse of discretion, arbitrariness
or other unreasonable conduct on the part of the condemnor.'1 4
This rule has been consistently applied in cases involving the con-
113. In some jurisdictions, the public utility has the power to decide what
land it will condemn, and the aggrieved landowner must appeal to the PSC to
reverse that decision. In others, the utility makes the initial decision and the
aggrieved landowner must appeal the decision in the county court of the county
in which the land is located. See, e.g., 26 PA. CONS. STAT. ANN. § 1-405 (Purdon
1958 & Supp. 1990) (court of common pleas in county in which property located
has exclusive jurisdiction to hear appeal of condemnee's objection to decision of
utility to condemn property). In still other jurisdictions, the utility proposes the
route, but the actual condemnation is carried out by the PSC, and the aggrieved
landowner must appeal the decision of the PSC to the county court designated
by statute, usually either the county in which the land is located or the county in
which the PSC sits. The textual discussion does not dwell on the differences in
procedure, but focuses on the power of the court to review condemnation deci-
sions regardless of who makes the decision in a particular jurisdiction. For a
general discussion of the role of the PSC in regulating the actions and reviewing
the decisions of a public utility, see 73B C.J.S. Public Utilities §§ 60-138 (1983).
For a broad discussion of judicial review of power company decisions to con-
demn property for use as a transmission line route, see Annotation, Eminent Do-
main: Review of Electric Power Company's Location of Transmission Line for Which
Condemnation Is Sought, 19 A.L.R. 4TH 1026 (1983).
114. See, e.g., Texas Pipeline Co. v. Barbe, 229 La. 191, 199, 85 So. 2d 260,
263-64 (1955) (court will not disturb decision of qualified officials unless arbi-
trary);Johnson v. Consolidated Gas, Elec. Light & Power Co., 187 Md. 454, 463-
64, 50 A.2d 918, 922-23 (1947) (court will not review selection of proposed
power line route absent abuse of discretion); Montana Power Co. v. Bokma, 153
Mont. 390, 399-400, 457 P.2d 769, 775 (1969) (selection of route for power line
easement will not be overturned except on clear and convincing proof that tak-
ing is excessive or arbitrary); Appalachian Power Co. v.Johnson, 137 Va. 12, 31-
33, 119 S.E. 253, 259 (1923) (findings of commissioners will not be disturbed
unless erroneous by clear proof). Note that this standard of review, while ap-
plied in the majority of jurisdictions, is not the exclusive standard. See Chester
Township v. Power Siting Comm'n, 49 Ohio St. 2d 231, 238, 361 N.E.2d 436,
441 (1977) (standard is whether order is "unlawful or unreasonable").
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struction of power lines," 5 but courts have differed in their inter-
pretation of what factors a condemning authority must consider
to avoid having its decision characterized as arbitrary.1 6 Some
courts have held that a decision is arbitrary if it was made without
consideration of the availability of alternative routes. 1 7 Some
courts have held that failure to consider the inconvenience to the
property owner posed by the proposed power line constitutes
abuse of discretion." 8 While some courts have held that eco-
nomic considerations are an important factor to be weighed by
the condemning authority, 119 other courts find environmental
and aesthetic consequences to be equally important.' 20 Most sig-
115. See Greene County Planning Bd. v. Federal Power Comm'n, 559 F.2d
1227, 1232-33 (2d Cir. 1976) ("arbitrary and capricious" standard applied to
review of utility commission's consideration of alternative routes for power
lines), cert. denied, 434 U.S. 1086 (1978); United States ex rel. Tennessee Valley
Auth. v. Dugger, 89 F. Supp. 877, 879 (E.D. Tenn. 1948) (power authority may
not act arbitrarily, capriciously or without due reason in determining route for
power line); Southwestern Elec. Power Co. v. Conger, 254 So. 2d 98, 100 (La.
Ct. App. 1971) (plaintiff must demonstrate power company abused its discretion
in selecting power line route); Duke Power Co. v. Ribet, 25 N.C. App. 87, 88-89,
212 S.E.2d 182, 183 (1975) (applying abuse of discretion standard to choice of
route for electric transmission lines); Brown v. Lower Colo. River Auth., 485
S.W.2d 369, 371 (Tex. Civ. App. 1972) (court will not interfere with selection of
route for power line absent showing of fraud or arbitrary and capricious conduct
by condemnor).
116. See Appalachian Power Co., 137 Va. at 29-30, 119 S.E. at 258 ("So
many and varied are the circumstances to be taken into account in determining
the value of property condemned for public purposes, that it is perhaps impossi-
ble to formulate a rule to govern its appraisement in all cases."). Adding to this
diversity is the fact that the statutory eminent domain power often contains lan-
guage which is construed by courts as limiting the power to condemn or mandat-
ing that certain factors be taken into account. See, e.g., Florida Power Corp. v.
Gulf Ridge Council, 385 So. 2d 1155, 1157 (Fla. Dist. Ct. App. 1980); Bokma,
153 Mont. at 399, 457 P.2d at 774-75; Chester Township v. Power Siting
Comm'n, 49 Ohio St. 2d 231, 235, 361 N.E.2d 436, 439 (1977).
117. See, e.g., Florida Power Corp., 385 So. 2d at 1157; Southwest La. Elec.
Membership Corp. v. Simon, 207 So. 2d 546, 553 (La. Ct. App. 1968); Bokma,
153 Mont. at 399-400, 457 P.2d at 774-75. But see Duke Power Co. v. Ribet, 25
N.C. App. 87, 89, 212 S.E.2d 182, 183 (1975); Ohio Edison Co. v. Gantz, 109
Ohio App. 127, 129, 159 N.E.2d 478, 479-80 (1958); Brown, 485 S.W.2d at 371.
118. See Louisiana Power & Light v. Caldwell, 360 So. 2d 848, 852 (La.
1978); Claiborne Elec. Coop., Inc. v. Garrett, 357 So. 2d 1251, 1255-56 (La. Ct.
App.), cert. denied, 359 So. 2d 1306 (La. 1978); Bokma, 153 Mont. at 399-400, 457
P.2d at 774-75. But see Kingsport Utils. Inc. v. Steadman, 139 F. Supp. 622, 623-
24 (E.D. Tenn.), aff'd, 237 F.2d 918 (8th Cir. 1956); Paxtowne v. Pennsylvania
Pub. Util. Comm'n, 40 Pa. Commw. 646, 649, 398 A.2d 254, 256 (1979).
119. See Johnson v. Consolidated Gas, Elec. Light & Power Co., 187 Md.
454, 466, 50 A.2d 918, 924 (1947); Town of Sudbury v. Department of Pub.
Utils., 351 Mass. 214, 227-30, 218 N.E.2d 415, 425-26 (1966); Dairyland Power
Coop. v. Brennan, 248 Minn. 556, 569-70, 82 N.W.2d 56, 65 (1957).
120. See Florida Power Corp., 385 So. 2d at 1156-57 (utility abused discretion
in considering only most direct and economical route to exclusion of factors
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nificantly, several courts have held that the potential danger from
a proposed power line is an important factor for consideration.' 2'
Regardless of the number of factors a court requires the con-
demning authority to consider, as long as those factors are "con-
sidered," the court is unlikely to second guess the condemnor's
decision. Therefore, under the abuse of discretion standard,
challenges to new power line construction or location are rarely
successful.
2. Claims for Damages Related to the Condemnation of Property for
Construction of Power Lines
Unable to stop the condemnation of their property for the
construction of power lines, landowners sought to maximize the
compensation paid for the condemnation. Because there was lit-
tle flexibility in estimating the fair market value of the acreage
actually condemned, landowners began to claim that the market
value of their remaining land was greatly reduced because of
proximity to the power line. Compensation for reduction in the
market value of the remainder in the form of severance damages
is awarded for impairment of use and enjoyment of the remainder
or any widespread perception of such impairment. 22 Severance
such as safety and environmental impact); Southwestern Elec. Power Co. v. Tal-
ley, 377 So. 2d 364, 367 (La. Ct. App. 1979) (utility's consideration of factors
such as cost, engineering, safety and continuity could not justify decision with-
out consideration of inconvenience to landowner), cert. denied, 378 So. 2d 1375
(La. 1980); State by Skeie v. Minnesota Power Coop., Inc., 281 N.W.2d 372,
373-74 (Minn. 1979) (farmer might have prevailed if evidence had been intro-
duced that power line sterilized soil, caused erosion or limited cropping poten-
tial); White Mountain Power Co. v. Whitaker, 106 N.H. 436, 438-39, 213 A.2d
800, 802 (1965) (damage to scenic beauty should be considered); Cleveland
Elec. Illuminating Co. v. Scapell, 44 Ohio App. 2d 13, 19, 336 N.E.2d 637, 641
(1975) (utilities company justified in considering factors such as ecological con-
sequences, unsightliness and antagonism to park purposes); Department of
Envtl. Resources v. Public Util. Comm'n, 18 Pa. Commw. 558, 563-64, 335 A.2d
860, 864 (1975) (utility's decision not wanton, capricious or arbitrary where it
considered factors such as cost), aft'd, 473 Pa. 378, 374 A.2d 693 (1977); Ver-
mont Elec. Power Co., Inc. v. Bandel, 135 Vt. 141, 150-51, 375 A.2d 975, 981
(1977) (utility's consideration of environmental impact and aesthetics in addi-
tion to cost was appropriate).
121. See Florida Power Corp., 385 So. 2d at 1157; Garrett, 357 So. 2d at 1255;
Talley, 377 So. 2d at 367; Southwest La. Elec. Membership Corp. v. Simon, 207
So. 2d 546, 553 (La. Ct. App. 1968); In re Bangor Hydro-Elec. Co., 314 A.2d
800, 812 (Me. 1974); West Pa. Power Co. v. Pennsylvania Pub. Util. Comm'n,
199 Pa. Super. 25, 32, 184 A.2d 143, 146 (1962).
122. See Selective Resources v. Superior Court, 145 Ariz. 151, 153, 700
P.2d 849, 851 (1984); Florida Power & Light Co. v. Jennings, 485 So. 2d 1374,
1377-78 (Fla. Dist. Ct. App. 1986); Texas Pipeline Co. v. Barbe, 229 La. 191,
200-01, 85 So. 2d 260, 264 (1955); State v. Evans, 26 Wash. App. 251, 255, 612
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damages are commonly awarded for direct impairment of the nor-
mal or reasonable use of the remaining land, 23 to compensate
for the noise generated by high voltage transmission lines,1 24 in-
terference with radio and television signals,' 2 5 and unsightliness
of the transmission facility. 126 Severance damages are also avail-
able if the condemnation divides the property in such a way that
one or more parcels are difficult to use or to sell.' 27 Generally,
proof of a reduction in market value of the remainder is provided
by expert testimony of real estate appraisers concerning the sales
price of comparable properties in the area with and without adja-
cent power lines.' 28
In addition to the concrete damages discussed above, land-
owners have claimed that there is a general fear of power lines
among the buying public that results in a reduction in the market
value of property located near high voltage transmission lines.
Landowners have claimed that potential purchasers were afraid of
the possibility of contact with the line,' 29 the possibility that the
transmission lines or towers would fall and injure people or live-
P.2d 442, 445 (1980), rev'd, 96 Wash. 2d 119, 634 P.2d 845 (1981), amended, 649
P.2d 633 (Wash. 1982).
123. Arkansas Power & Light Co. v. Melkovitz, 11 Ark. App. 90, 95-99, 668
S.W.2d 37, 41-42 (1984) (power line interfered with aerial crop dusting, irriga-
tion and use of large farm equipment near wire); Pacific Gas & Elec. Co. v. W.H.
Hunt Estate Co., 49 Cal. 2d 565, 573-74, 319 P.2d 1044, 1049 (1957) (power
line interfered with irrigation of adjacent property); Garrett, 357 So. 2d at 1257
(testimony offered that power line made it more difficult to grow and harvest
timber in immediate vicinity of wire); Basin Elec. Power Coop. v. Cutler, 88 S.D.
214, 220, 217 N.W.2d 798, 801 (1974) (interference with irrigation and use of
aerial weed control).
124. See San Diego Gas & Elec. Co. v. Daley, 205 Cal. App. 3d 1334, 1346,
253 Cal. Rptr. 144, 150-51 (Cal. Ct. App. 1988); Louisiana Power & Light Co. v.
Mobley, 482 So. 2d 706, 713-14 (La. Ct. App.), cert. denied, 485 So. 2d 62 (La.
1986). Contra Smith v. State, 49 Misc. 2d 985, 989-90, 268 N.Y.S.2d 873, 878
(N.Y. Ct. Cl. 1966) (noise so common that not compensable), aff'd, 29 App. Div.
2d 1050, 290 N.Y.S.2d 720 (1968).
125. Mobley, 482 So. 2d at 713. Contra Smith, 49 Misc. 2d at 989-90, 268
N.Y.S.2d at 878.
126. See Hicks v. United States, 266 F.2d 515, 521 (6th Cir. 1959); Daley,
205 Cal. App. 3d at 1345-46, 253 Cal. Rptr. at 150; Mobley, 482 So. 2d at 713;
Smith, 49 Misc. 2d at 993, 268 N.Y.S.2d at 881; Ohio Pub. Serv. Co. v. Dehring,
34 Ohio App. 532, 533, 172 N.E. 448, 449 (1929).
127. See Hicks, 266 F.2d at 519-20; Mobley, 482 So. 2d at 713.
128. See Pacific Gas & Elec. Co. v. W.H. Hunt Estate Co., 49 Cal. 2d 565,
575-76, 319 P.2d 1044, 1050 (1957); Florida Power & Light Co. v. Jennings, 485
So. 2d 1374, 1377 (Fla. Dist. Ct. App. 1986); Texas Pipeline Co. v. Barbe, 229
La. 191, 201-02, 85 So.2d 260, 264 (1955); Basin Elec. Power Coop. v. Cutler,
88 S.D. 214, 217-18, 217 N.W.2d 798, 800 (1974).
129. See Arkansas Power & Light Co. v. Haskins, 258 Ark. 698, 702-03, 528
S.W.2d 407, 410 (1975) (claim that transmission tower attractive and accessible
to children and potential buyers afraid of injury to children); Arkansas Power &
1991]
31
Young: Regulatory and Judicial Responses to the Possibility of Biologica
Published by Villanova University Charles Widger School of Law Digital Repository, 1991
VILLANOVA LAW REVIEW
stock,' 3 0 and that the presence of the line would increase the like-
lihood of lightning strikes. 131 Courts have developed three
distinct approaches to evaluating such claims. The majority view
is that any loss of market value proven with a reasonable degree
of probability should be compensable, regardless of its source. 132
Under this view, several courts have allowed severance damages
for reduction in market value caused by fear of power lines.' 33
Such claims have also been denied, however, for failure to ade-
quately prove a widespread fear of power lines adversely im-
pacting market value.' 34  Under the "intermediate rule"
approach, courts have held that damages for reduction in market
value caused by fear of power lines are recoverable if the fear is
shown to be reasonable. This position was summed up by the
Supreme Court of Nebraska:
Light Co. v. Melkovitz, 11 Ark. App. 90, 97-98, 668 S.W.2d 37, 42 (1984) (pres-
ence of power line interfered with aerial application of chemicals to crops).
130. See United States v. Easement & Right of Way, 249 F. Supp. 747, 750
(W.D. Ky. 1966); Evans v. Iowa S. Utils. Co. of Del., 205 Iowa 283, 289, 218
N.W. 66, 68-69 (1928); Colvard v. Nantahala Power & Light Co., 204 N.C. 97,
101-02, 167 S.E. 472, 474-75 (1933); Dehring, 34 Ohio App. at 534, 172 N.E. at
449.
131. See Dehring, 34 Ohio App. at 533-34, 172 N.E. at 449; Oklahoma Gas &
Elec. Co. v. Kelly, 177 Okla. 206, 207, 58 P.2d 328, 329 (1936).
132. United States v. Easement & Right of Way, 405 F.2d 304, 309 (6th Cir.
1968); Southwestern La. Elec. Membership Corp. v. Beck, 299 So. 2d 411, 413-
14 (La. Ct. App.), cert. denied, 302 So. 2d 30 (La. 1974).
133. See Easement & Right of Way, 405 F.2d at 309; United States v. Robert-
son, 354 F.2d 877, 881 (5th Cir. 1966); Hicks v. United States, 266 F.2d 515,
521 (6th Cir. 1959); United States v. Easement & Right of Way, 249 F. Supp.
747, 750 (W.D. Ky. 1966); Pacific Gas & Elec. Co. v. W.H. Hunt Estate Co., 49
Cal. 2d 565, 572-73, 319 P.2d 1044, 1048-49 (1957); Southern Ind. Gas & Elec.
Co. v. Gerhardt, 241 Ind. 389, 393-94, 172 N.E.2d 204, 206 (1961); Evans v.
Iowa S. Utils. Co. of Del., 205 Iowa 283, 288-89, 218 N.W. 66, 68-69 (1928);
Willsey v. Kansas City Power & Light Co., 6 Kan. App. 2d 599, 614-15, 631 P.2d
268, 279-80 (1981); Claiborne Elec. Coop., Inc. v. Garrett, 357 So.2d 1251,
1257-58 (La. Ct. App.), cert. denied, 359 So.2d 1306 (La. 1978); Southwest La.
Elec. Membership Corp. v. Duhon, 313 So. 2d 366, 369 (La. Ct. App.), cert. de-
nied, 318 So. 2d 52 (La. 1975); Beck, 299 So. 2d at 413-14; Louisiana Power &
Light Co. v. Ristroph, 200 So. 2d 14, 24 (La. Ct. App.), cert. denied, 251 La. 38,
202 So. 2d 654 (1967); Colvard v. Nantahala Power & Light Co., 204 N.C. 97,
101-02, 167 S.E. 472, 474-75 (1933); Dehring, 34 Ohio App. at 534, 172 N.E. at
449.
134. See Central La. Elec. Co. v. Dunbar, 183 So. 2d 111, 117 (La. Ct. App.
1965) (owner must establish alleged severance damages with legal certainty by
preponderance of evidence); Olin v. State, 41 Misc. 2d 678, 685-87, 246
N.Y.S.2d 651, 658-61 (N.Y. Ct. Cl. 1964) (claimant required to present substan-
tial proof of material buyer's resistance to purchase subdivision lots adjacent to
power lines); Appalachian Power Co. v. Johnson, 137 Va. 12, 30-31, 119 S.E.
253, 257-58 (1923) (commissioners could not properly consider effect of fear of
power line breaking down and injuring persons on market value of property
where such evidence not presented in condemnation proceeding).
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Mere general fears from the presence of a transmission
line cannot be made the basis upon which to predicate
any depreciation in market value, for ill-defined fear that
at some unknown time in the future some misfortune
may come to man or beast by reason of the transmission
line cannot enter into the consideration of those who are
required to fix the amount of damages. But, on the
other hand, if such fears be reasonable, not speculative
nor ill-defined, but founded on practical experience, and
if such fears are entertained so generally as to enter into
the calculations of all who propose to buy or sell, can it
logically be said that they do not depreciate the market
value of property? 3 5
Applying the intermediate rule, several courts have awarded dam-
ages for reduction in market value caused by a "reasonable" fear
of transmission lines.' 3 6 Under the third approach, several courts
have held that severance damages for reduction in market value
caused by fear of power lines are too speculative and conjectural
135. Dunlap v. Loup River Pub. Power Dist., 136 Neb. 11, 17-18, 284 N.W.
742, 745 (1939).
136. See Willsey v. Kansas City Power & Light Co., 6 Kan. App. 2d 599, 611-
12, 631 P.2d 268, 278 (1981). Although Willsey is generally cited for the inter-
mediate rule, the court in fact held that the intermediate rule was the most strin-
gent rule that could justifiably be applied in such cases, and expressed its
preference for the rule allowing damages for reduction in market value without
reference to the reasonableness of the fear. Id. at 611-12, 631 P.2d at 278. The
Wilsey court did not choose between the two standards because it considered a
certain amount of fear of power lines "eminently reasonable." Id. at 614, 631
P.2d at 279; see also Arkansas Power & Light Co. v. Haskins, 258 Ark. App. 698,
702, 528 S.W.2d 407, 409-10 (1975) (apprehension of danger created by string-
ing 220,000 volt power line across one's land "very reasonable" and "manifestly
a proper item to be considered in determining damage to the property"); Dun-
lap, 136 Neb. at 17-18, 284 N.W. at 745 (damages available for "reasonable"
fears of potential purchasers resulting in depreciation of market value of con-
demned property). But see Yagel v. Kansas Gas & Elec. Co., 131 Kan. 267, 276,
291 P. 768, 774 (1930) (owner's subjective impression that presence of power
line would depress market value held insufficient); Masson v. Kansas City Power
& Light Co., 7 Kan. App. 2d 344, 346, 642 P.2d 113, 115-16 (1982) (personal
fear of owner held insufficient); Kentucky Hydro-Elec. Co. v. Woodard, 216 Ky.
618, 630-31, 287 S.W. 985, 990 (Ky. Ct. App. 1926) (same); Kamao Elec. Coop.
v. Dicke, 296 S.W.2d 905, 909-10 (Mo. Ct. App. 1956) (risk of hazard to those
using lakes on farm for fly fishing too speculative and remote); Rasmussen v.
Central Neb. Pub. Power & Irrigation Dist., 139 Neb. 456, 459, 297 N.W. 897,
898-99 (1941) (failure to present evidence as to degree of danger in carrying on
farming operations); Wahlgren v. Loup River Pub. Power Dist., 139 Neb. 489,
499, 297 N.W. 833, 839-40 (1941) (compensation awarded only for fears
grounded in scientific knowledge or experience and which circumscribed activi-
ties or otherwise limited use of property after condemnation).
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to be considered in arriving at a proper level of compensation. 3 7
No jurisdiction compensates the owner of the remaining property
for his own fear of the power line, or for the possibility that the
power line will harm persons or property in the future.' 38
3. Judicial Review of Claims That Exposure to ELF Fields May Pose
Biological Hazards
As scientific information concerning the biological effects of
exposure to electromagnetic fields became public, opponents of
power line construction began to claim possible health hazards
when seeking judicial relief from adverse siting determinations.
These cases took the traditional form of attempts to stop the con-
struction of electrical transmission facilities at particular locations
or to maximize severance damages in eminent domain proceed-
ings. Although fear of ELF fields was not the exclusive or even
primary objection raised in these cases, the cases offer some in-
sight into judicial responses to claims of potential hazards from
ELF fields.
a. Opposition to Power Line Construction Because of the
Potential Hazards Associated with Exposure to ELF
Fields
Power line construction has been opposed on the ground
that the lines will generate electromagnetic fields that may be
harmful to human health. Opposition has come from property
owners in defense of eminent domain proceedings,' 39 from mu-
137. See Pappas v. Alabama Power Co., 270 Ala. 472, 480, 119 So. 2d 899,
905 (1960) (policy of rejecting damage claims based on fear remains sound in
contemporary society); Alabama Power Co. v. Keystone Lime Co., 191 Ala. 58,
66, 67 So. 833, 835 (1914) (human experience has demonstrated that fears are
unjustified); Casey v. Florida Power Corp., 157 So. 2d 168, 170-71 (Fla. Dist. Ct.
App. 1963) (jury awards based on fear and ignorance could not possibly result
in fair compensation); Central Ill. Light Co. v. Nierstheimer, 26 Ill. 2d 136, 140-
41, 185 N.E.2d 841, 843 (1962) (imagined source of danger from power lines so
remote and speculative as to afford no basis for allowing damages); Illinois
Power & Light Corp. v. Cooper, 322 Ill. 11, 17-18, 152 N.E. 491, 493 (1926)
(depreciation in value of land caused by general fear of power line not consid-
ered in deciding compensation because no substantial evidence that operation
of line injurious).
138. Several cases have held that future harms for which there is an ade-
quate remedy at law will not be considered in awarding severance damages. See
Cooper, 322 Il1. at 19-20, 152 N.E. at 494; Wahlgren, 139 Neb. at 499, 297 N.W. at
839- 40; Dunlap, 136 Neb. at 18, 284 N.W. at 745; Appalachian Power Co., 137 Va.
at 31, 119 S.E. at 258.
139. See San Diego Gas & Elec. Co. v. 3250 Corp., 205 Cal. App. 3d 1075,
1079, 252 Cal. Rptr. 853, 854-55 (1988); New York State Elec. & Gas Corp. v.
Karas, 85 A.D.2d 758, 758, 445 N.Y.S.2d 279, 280 (N.Y. App. Div. 1981); Hous-
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nicipalities through which proposed transmission lines will
run,140 and from residents of the general vicinity to be affected by
the proposed construction of a transmission facility.14' Similar to
opposition based on claims of harm unrelated to electromagnetic
fields, these claims rarely succeed. Many challenges to power line
construction are rejected for procedural deficiencies. 142 Others
are limited by judicial deference to the siting decisions of regula-
tory agencies. In New York State Electric & Gas Corp. v. Karas,143 a
landowner defended an eminent domain proceeding on the
ground that public necessity and environmental compatibility had
not been adequately shown. The court held that, having estab-
lished the environmental impact and public need of the proposed
facility to the satisfaction of the Public Service Commission, the
utility need not provide the same proof for each parcel it seeks to
acquire along the approved route. 144 In Costello v. Department of
Public Utilities,'45 the Department of Public Utilities (the Depart-
ment) had approved construction of a transmission line after con-
cluding that no health hazard from electromagnetic fields had
been established. The evidence before the Department had in-
cluded testimony that some epidemiological studies had shown
special health problems among workers exposed to high voltage
transmission lines, while other studies had shown no such health
problems. On review, the court declined to substitute its judg-
ton Lighting & Power Co. v. Klein Indep. School Dist., 739 S.W.2d 508, 511
(Tex. Ct. App. 1987). For other actions by property owners, see Stannard v.
Axelrod, 100 Misc. 2d 702, 709, 419 N.Y.S.2d 1012, 1016-17 (N.Y. App. Div.
1979) (landowners petitioned court to compel State Department of Health and
Environmental conservation to supervise, regulate and abate alleged public
health hazard of high tension wires); Hoch v. Philadelphia Elec. Co., 341 Pa.
Super. 598, 600, 492 A.2d 27, 28 (1985) (landowner filed complaint against util-
ity alleging trespass, nuisance and unlawful taking).
140. See Town of Framingham v. Department of Pub. Utils., 355 Mass. 138,
140-41 244 N.E.2d 281, 283 (1969); Chester Township v. Power Siting
Comm'n, 49 Ohio St. 2d 231, 232, 361 N.E.2d 436, 437 (1977); Ohio Edison
Co. v. City of Twinsburg, Nos. 9818, 9828, 9829 (Ohio Ct. App. Dec. 9, 1981)
(1981 WL 2601).
141. See Costello v. Department of Pub. Utils., 391 Mass. 527, 528, 462
N.E.2d 301, 304 (1984); Butler County Citizens Comm. to Preserve Our Scenic
& Hist. Areas v. Dayton Power & Light Co., C.A. Nos. 74-06-0055, slip. op. at 1
(Ohio Ct. App. June 16, 1975).
142. See, e.g., Simonds v. Power Auth., 64 A.D.2d 746, 748, 406 N.Y.S.2d
639, 646 (1978) (action filed in court which had no jurisdiction to review matters
relating to construction of power lines); Delaware County Citizens Opposed to
Power Line Route Alternatives v. Public Serv. Comm'n, 120 A.D.2d 256, 260,
508 N.Y.S.2d 715, 718 (1986) (petition not filed in timely fashion).
143. 85 A.D.2d 758, 445 N.Y.S.2d 279 (N.Y. App. Div. 1981).
144. Id. at 759, 445 N.Y.S.2d at 280.
145. 391 Mass. 527, 462 N.E.2d 301 (1984).
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ment for that of the Department on a contested factual matter
and held that the Department's conclusion that a health hazard
had not been established was neither arbitrary nor capricious and
was supported by substantial evidence. 146
As might be expected, these novel attempts to halt construc-
tion of transmission facilities also encounter entrenched judicial
attitudes that the appropriate forum for such disputes is the PSC.
In Stannard v. Axelrod, 147 opponents of new power line construc-
tion petitioned the PSC to reopen the record on the ground that
inadequate consideration had been given to the health and safety
aspects of the transmission facility. Because the PSC was holding
hearings on the possible biological effects of exposure to ELF
fields in another case, it declined to reopen the record. 148 The
PSC noted that any adjustments to power line construction deter-
mined to be necessary in the other proceeding would be applied
to all similar projects, including the facility at issue. 149 Dissatis-
fied with the resolution, the petitioners sought a writ of manda-
mus compelling the New York Departments of Health and
Environmental Conservation (the Departments) to conduct an ex-
tensive inquiry into the possible biological effects of electromag-
netic fields generated by power lines. 150 Petitioners requested
public hearings with the testimony of leading experts in the field
and independent scientific research funded and supervised by the
Departments. 15' Petitioners also asked that the facility in dispute
remain unused until all of the above studies had been com-
pleted. 15 2 The court held that it lacked jurisdiction to consider
the petition because the issues raised in the petition were either
raised or could have been determined in the proceeding before
the PSC.'53 The court also noted that even if it had jurisdiction, it
would not compel administrative officers to exercise regulatory
powers that were clearly discretionary. 154
While some courts have been reluctant to exercise jurisdic-
tion over complaints regarding siting decisions, others have
shown no reluctance to exercise jurisdiction concurrent with that
146. Id. at 538-40, 462 N.E.2d at 309-10.
147. 100 Misc. 2d 702, 419 N.Y.S.2d 1012 (N.Y. App. Div. 1979).
148. Id. at 703, 419 N.Y.S.2d at 1013.
149. Id.
150. Id. at 704, 419 N.Y.S.2d at 1013.
151. Id., 419 N.Y.S.2d at 1013-14.
152. Id. at 705, 419 N.Y.S.2d at 1014.
153. Id. at 708-09, 419 N.Y.S.2d at 1016.
154. Id. at 710, 419 N.Y.S.2d at 1017.
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of the PSC.1 55 Probably the most significant case to date in the
area ofjudicial responses to allegations of biological hazards from
exposure to ELF fields is Houston Lighting & Power Co. v. Klein In-
dependent School District. 15 6 In Klein, the utility obtained a certificate
of necessity' 57 from the Public Utilities Commission (PUC) and
condemned a portion of the school board's property to construct
a 500 kv transmission line.158 The PUC set the value of the prop-
erty condemned at $78,604. The school board filed objections to
the condemnation and to the value of the award in the county
court.159 The utility deposited the stated sum in escrow, took
possession of the property, and constructed the transmission
line. 160 The school board contended that the utility had abused
its discretion in condemning the property and that the decision to
locate the transmission line near the school constituted a callous
disregard for the safety, health and well-being of the children and
rendered the condemnation void.' 6 1 The school board also con-
tended that since the condemnation was void, the erection of the
power line constituted a trespass. 62
At trial, the school board offered expert testimony from an
engineer that the electromagnetic fields generated by the power
line resulted in the presence of magnetic fields of between 6 and
10 mG at the middle school 300 feet away from the line. 163 There
was testimony from an epidemiologist and an oncologist that chil-
dren attending the school would face a greatly elevated risk of
cancer due to the electromagnetic fields.' 64 The utility offered
testimony that scientific opinion on the dangers of ELF exposure
155. See Hoch v. Philadelphia Elec. Co., 341 Pa. Super. 598, 605-06, 492
A.2d 27, 31 (1985) (court will consider issues related to hazards posed by power
lines where claim is for trespass and nuisance rather than challenge to eminent
domain power); Houston Lighting & Power Co. v. Klein Indep. School Dist., 739
S.W.2d 508, 512 (Tex. Ct. App. 1987) (issues of site selection and safety can be
considered by both PUC and condemnation court).
156. 739 S.W.2d 508 (Tex. Ct. App. 1987),
157. Under many state laws, a utility must obtain a certificate from the PUC
or the PSC stating that the present or future public convenience and necessity
require or will require the installation, operation or extension of service. The
PUC may only grant the certificate if it determines that the "certificate is neces-
sary for the service accommodation, convenience or safety of the 'public.' " Id.
at 512 (citing TEX. REV. CIv. STAT. ANN. art. 1446C (Vernon Supp. 1987)).
158. Id. at 511.
159. Id.
160. Id.
161. Id.
162. Id.
163. Id. at 516.
164. Id.
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was too speculative, and that it had concluded that there was no
cause for concern.165 The utility also presented an expert witness
to critique the studies relied upon by the school board's expert
witnesses.
Based on the evidence presented, the jury found that the util-
ity had abused its discretion in taking the easement and had er-
ected the transmission line in reckless disregard of the school
board's use of the property. 166 Thejury awarded $104,275 in ac-
tual damages 67 and $25 million in punitive damages. The trial
court entered judgment on the verdict and issued an injunction
preventing the utility from energizing the transmission line. The
utility then sought and obtained a writ superseding the injunction
and allowing the use of the transmission line pending the out-
come of the litigation. 68 The Supreme Court of Texas overruled
the writ and remanded the case to the court of appeals for a deci-
sion on the merits. 169
On remand, the court of appeals first rejected the utility's
contention that issues involving the selection of a site for power
lines and safety matters related to those lines are within the exclu-
sive jurisdiction of the PUC.1 70 It went on to hold that condem-
nation courts have jurisdiction to grant injunctive relief once it is
determined that the condemnor had no right to take the prop-
erty, 17' and that punitive damages could be awarded for abuse of
discretion in exercising the condemnation power if the abuse
amounted to a trespass. 72 The court of appeals held that the evi-
dence was sufficient to support a finding of abuse of discretion,
165. Id. at 517.
166. Id. at 518.
167. Id. The award of "actual" damages was ultimately affirmed by the
Texas Court of Appeals. Id. There is no discussion in any of the reported deci-
sions, however, about the basis of that award and it is not clear what harm the
award was compensating.
168. Klein Indep. School Dist. v. Fourteenth Court of Appeals, 720 S.W.2d
87, 87 (Tex. 1986).
169. Id.
170. Houston Lighting & Power Co., 739 S.W.2d at 512-13. The court noted
that the PUC was charged with considering the safety of the general public, but
that it could not address the interests of each individual landowner whose prop-
erty was subject to condemnation. Id. at 512. To restrict safety considerations
to the PUC would deprive those landowners of a forum in which to address their
concerns. Id. Further, the court stated, "[I]f the PUC is to be the exclusive fo-
rum for reviewing the location and safety of a line, there must be mechanisms
for insuring that review indeed takes place, particularly given the ominous impli-
cations of recent scientific research." Id. at 513.
171. Id.
172. Id. at 518-19.
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but that there had been no trespass.1 73 The court stated that even
though the condemnation was ultimately determined to be
wrongful, the power company had complied with the statute and
was rightfully in possession of the property until that possession
was declared wrongful.' 74
Klein is significant because it raises the possibility that a utility
which has fully complied with all procedures for obtaining regula-
tory approval of transmission line construction and has acquired
an easement may still be precluded from using the line after it is
built. The case also demonstrates that juries can be convinced
that power lines are hazardous, and that the verdicts in such cases
may survive on appeal.
Attempts to halt power line construction through litigation
have steadily increased as awareness of the option becomes more
common among power line opponents and their attorneys. One
source estimates that since 1985, power companies have been in-
volved in more than 100 suits involving possible health hazards
from power lines. 175
b. Claims for Damages Based on the Potential Hazards
Associated with Exposure to ELF Fields
The scientific information concerning the effects of exposure
to ELF fields is insufficient to support individual claims of injury
from exposure, and it is well settled that no recovery will be al-
lowed for fear of future injury. 176 Claims for severance damages,
however, have flourished under this current condition of scientific
uncertainty. 177 To recover severance damages, the property
owner must demonstrate that the location of the power line on
173. Id.
174. Id. at 519.
175. Black, Rising Tension over High-Tension Lines, Bus. WK., Oct. 30, 1989, at
158.
176. Illinois Power & Light Corp. v. Cooper, 322 Ill. 11, 16-17, 152 N.E.
491, 493 (1926); Wahlgren v. Loup River Pub. Power Dist., 139 Neb. 489, 499,
297 N.W. 833, 839-40 (1941); Dunlap v. Loup River Pub. Power Dist., 136 Neb.
11, 17-18, 284 N.W. 742, 745 (1939).
177. See, e.g., San Diego Gas & Elec. Co. v. Daley, 205 Cal. App. 3d 1334,
1346-47, 253 Cal. Rptr. 144, 150 (Cal. Dist. Ct. App. 1988) (trial court did not
err in allowing jury to consider evidence that public fears, of health hazards of
project would have negative impact on market value of remaining property);
Claiborne Elec. Coop., Inc. v. Garrett, 357 So. 2d 1251, 1257-58 (La. Ct. App.)
(upholding award of 40% of market value of property as severance damages),
cert. denied, 359 So. 2d 1306 (La. 1978); Louisiana Power & Light Co. v. Mobley,
482 So. 2d 706, 714-15 (La. Ct. App. 1985) (trial court did not err in considering
fear of power line hazards when fixing severance damages).
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part of his property has caused a reduction in the market value of
his remaining property. 178 Where a court is receptive to claims
for severance damages based on the potential health hazards of
ELF exposure,1 79 the plaintiff is under no affirmative obligation to
demonstrate the actual existence of such hazards. In most cases,
all that the property owner must show is that a significant seg-
ment of the buying public believes in the existence of such
hazards or that there is enough uncertainty that people are un-
willing to pay as much for property adjacent to power lines as
they would pay for comparable property without power lines
nearby. 180
Since reduction in market value is the heart of the cause of
action for severance damages, appraisal testimony is certainly
necessary and probably sufficient to establish the claim.' 8 1 Many
property owners introduce such testimony about the possible
health hazards associated with power lines into evidence hoping
that it will result in enhanced damage awards. Property owners
contend that they should be permitted to show what information
is available to the public in order to support their claim that the
reduction in market value of their property is due to public fear of
power lines. '8 2 Where the plaintiff's evidence on biological harm
178. See Selective Resources v. Superior Court, 145 Ariz. 151, 153, 700
P.2d 849, 851 (1984); Daley, 205 Cal. App. 3d at 1346-47, 253 Cal. Rptr. at 150-
51; Florida Power & Light v. Jennings, 518 So. 2d 895, 898-99 (Fla. 1987).
179. In most cases, the property owner claims that fear of ELF exposure
related to the presence of the power line is one of the factors that has resulted in
the reduction in market value of the remainder. See Selective Resources, 145 Ariz.
151, 700 P.2d 849; Daley, 205 Cal. App. 3d 1334, 253 Cal. Rptr. 144;Jennings,
518 So. 2d 895.
180. See Daley, 205 Cal. App. 3d at 1349, 253 Cal. Rptr. at 152 (trial court
correct in determining that truth or falsity as to whether electromagnetic projec-
tions cause health hazards immaterial; real question whether market value af-
fected); Mobley, 482 So. 2d at 714-15 (even though science has not proven
deleterious effects of electric fields, fear of such effects is certainly factor in fix-
ing damages); Jennings, 518 So. 2d at 899 (scientific testimony as to health
hazards of electromagnetic fields irrelevant; real question whether fear is reason
for reduction in property's market value).
181. Typically, the property owner will offer the testimony of a real estate
appraiser, and the utility often offers its own appraisals in rebuttal. The trier of
fact is free to accept the testimony that it finds most credible. See, e.g., Mobley,
482 So. 2d at 713 (owner's appraiser testified that market value of land within
800 feet of power line right of way reduced by 45 to 50% of original value; trier
of fact accepted rebuttal testimony offered by utility that studies demonstrate no
reduction in market value of property near power lines).
182. See, e.g., Canyon View Ranch v. Basin Elec. Power Corp., 628 P.2d 530,
535 (Wyo. 1981) (landowners in electric power line easement condemnation ac-
tion sought to introduce environmental impact statements and newspaper arti-
cles to establish wide availability of information concerning dangers of power
lines to potential purchasers of land).
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is admitted, the utilities often attempt to introduce evidence to
the contrary.183 Utilities also often try to exclude such evidence
on the ground that it is irrelevant,18 4 speculative,' 8 5 hearsay,' 8 6 or
more prejudicial than probative.'8 7
While evidence of possible biological effects of exposure to
electromagnetic fields has been considered in a number of
cases,' 88 it is important to remember that this evidence has been
admitted for the limited purpose of supporting a claim for sever-
ance damages.' 8 9 No court has in fact held that ELF fields are
harmful, and it is unlikely that any court will make that determina-
tion in the near future.
B. The Role of the Regulatory Agencies
Institutionally, the state agencies charged with regulating
electric utilities are in a better position than courts to respond to
the charge that electromagnetic fields generated by power lines
may pose biological hazards. Unlike the courts, PSCs need not be
convinced by a "preponderance of the evidence" that the fields
have caused or will cause biological harm before they can act to
mitigate potential harm. PSCs are charged with weighing the
public interest in the economical delivery of electricity against the
detrimental effects of the necessary transmission and distribution
facilities. They have the power to gather any information neces-
sary to evaluate the relevant costs and benefits. Commissioners
183. SeeJennings, 485 So. 2d at 1377 (power company presented rebuttal
testimony by electrical engineer and professor of radiation and biology); Mobley,
482 So. 2d at 714 (power company presented testimony of veterinarian, bi-
omedical engineer and physician to rebut evidence regarding deleterious effects
of power lines).
184. See, e.g.,Jennings, 518 So.2d at 898-99; Canyon View Ranch, 628 P.2d at
536.
185. See, e.g., United States v. Easement & Right of Way, No. 81-5314 (6th
Cir. Jan. 12, 1982) (LEXIS, Genfed library, US App. file); Linnebur v. Public
Serv. Co. of Colo., 716 P.2d 1120, 1121-22 (Colo. 1986); Iowa Power & Light
Co. v. Stortenbecker, 334 N.W.2d 326, 331 (Iowa Ct. App. 1983); Meinhardt v.
Kansas Power & Light Co., 8 Kan. App. 2d 471, 472, 661 P.2d 820, 822 (1983).
186. See, e.g., Town of Framingham v. Department of Pub. Utils., 355 Mass.
138, 145, 244 N.E.2d 281, 285-86 (1969); Canyon View Ranch, 628 P.2d at 536.
187. See, e.g.,Jennings, 518 So. 2d at 899; Canyon View Ranch, 628 P.2d at
537.
188. See Selective Resources v. Superior Court, 145 Ariz. 151, 700 P.2d 849
(1984); Daley, 205 Cal. App. 3d 1334, 253 Cal. Rptr. 144 (1988);Jennings, 518
So. 2d 895; Mobley, 482 So. 2d 706.
189. See Mobley, 482 So. 2d at 715 ("[W]hile no deleterious effects have
been conclusively proven, defendants have shown that honest minds differ in
this area, and there is considerable support for their argument. This fear is cer-
tainly a factor which may be considered in fixing damages.").
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of Public Service have a sophisticated understanding of the utility
industry and are thus able to consider a broader range of interests
and fashion more flexible remedies than courts.
A number of state PSCs have considered and responded to
allegations that electromagnetic fields pose biological hazards.
Generally, the PSCs have concluded that no biological hazards
have been established. In several states, PSCs have found that the
available information warrants further research.' 90 Some PSCs
have ordered surveys of ELF field strengths generated by existing
facilities, 9 or have required utilities to measure and report the
fields generated by new transmission lines.192 In a number ofju-
risdictions, commissions have imposed temporary or permanent
restrictions on the permissible strength of electric' 93 or mag-
netic 194 fields to be generated by new transmission lines. In other
states, the commissions have concluded that the available evi-
190. Application of Potomac Elec. Power Co. for Certificate of Pub. Con-
venience, No. 7004 (Md. Pub. Serv. Comm'n Feb. 29, 1988) (LEXIS, Utility li-
brary, MDPUC file); Application of Baltimore Gas & Elec. Co. for
Undergrounding of Transmission Line, No. 8127 Phase II (Md. Pub. Serv.
Comm'n Oct. 6, 1989) (LEXIS, Utility library, MDPUC file); Stuber v. Saint Jo-
seph Power & Light Co., 23 Mo. P.S.C. 80-350 (Mo. Pub. Serv. Comm'n *Feb. 8,
1980); George v. Union Elec. Co., 23 Mo. P.S.C. (N.S.) 79-199 (Mo. Pub. Serv.
Comm'n *Sept. 17, 1979); Re Advanced Plans for Constr. of Facilities, 102
P.U.R.4th 245, 269-70 (Wisc. Pub. Serv. Comm'n 1989). In some cases the re-
search is to be funded by the utilities. See Re Advanced Plans for Constr. of Facilities,
102 P.U.R.4th at 269-70 (noting that such utility-funded EMF research may lack
credibility with general public). In other cases it is to be funded directly by the
state. See Application of Baltimore Gas &Elec. Co., No. 8127 Phase II (LEXIS, Utility
library, MDPUC file).
191. See Stuber v. Saint Joseph Power & Light Co., 23 Mo. P.S.C. 80-350
(Mo. Pub. Serv. Comm'n Feb. 8, 1980) (survey to be conducted by University of
Missouri-Rolla); Joint Applications of Wis. Power & Light Co. & Wis. Pub.
Serv. Corp. for Transmission Sys., Nos. 6680-CE- 110, 6690-CE-120 (Wis. Pub.
Serv. Comm'n Sept. 5, 1989) (LEXIS, Utility library, WIPUC file) [hereinafter
Joint Applications] (survey to be conducted by utility).
192. See Joint Applications, supra note 191, at p. 12;Joint Applications of Wis.
Power & Light Co. & City of Elkhorn for Transmission Line, Nos. 6680-CE-106,
1800-CE-101 (Wis. Pub. Serv. Comm'n Nov. 7, 1989) (LEXIS, Utility library,
WIPUC file).
193. See, e.g., Investigation of Comm'n into Stray Voltage for Elec. Distrib.
Utils., No. 05-EI-106 (Wis. Pub. Serv. Comm'n Aug. 10, 1989) (LEXIS, Utility
library, WIPUC file) (setting 0.5 volts as level of concern in stray voltage investi-
gations); FLA. ADMIN. CODE ANN. r. 17-274.450 (1989) (peak daily electric fields
set for specific transmission lines within state and peak rates set for new lines).
Florida, Montana, Minnesota, New Jersey, New York, North Dakota and Oregon
now regulate electric field strengths. OTA, supra note 12, at 73.
194. See, e.g., FLA. ADMIN. CODE ANN. r. 17-274.450 (1989) (peak daily mag-
netic fields set for specific transmission lines within state and peak rates set for
new lines). New York also regulates magnetic field intensities at the edge of
rights of way of new transmission facilities. See infra notes 240-43 and accompa-
nying text.
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dence does not warrant restrictions on new construction. 95 No
state has required modifications of existing transmission facilities,
and no state regulates field strengths around new or existing dis-
tribution, as opposed to transmission facilities.
PSCs have been in the forefront of the ELF controversy be-
cause they are both the governmental entity specifically charged
with setting policy that affects electric utilities in the state and the
forum of first, and often last, resort for individuals challenging
the siting decisions of local public utilities. The evolution of the
ELF controversy in the state of New York is illustrative of the re-
sponse of an active and able regulatory agency to claims of bio-
logical harm where the existence of that harm has not been
scientifically established.
In 1973 the New York Public Service Commission (NYPSC)
received an application from the Power Authority of the State of
New York for a Certificate of Environmental Compatibility and
Public Need for the construction of a 765 kv transmission line
from the Canadian border near Massena, New York to Utica, New
York.196 A similar application was submitted by two private cor-
porations, Rochester Gas and Electric Corporation and Niagara
Mohawk Power Corporation, for construction of a 765 kv trans-
mission line from Rochester, New York to Oswego, New York. 197
There was substantial public concern about the noise that the
power lines would generate, as well as concern about possible
health effects. Joint public hearings were held on issues common
to the two applications. There was extensive testimony concern-
ing the biological effects of electric and magnetic fields. 198 The
NYPSC concluded that although the evidence did not establish
that continuous or long-term exposure to the electric or magnetic
fields of the proposed transmission lines would cause harmful bi-
ological effects, it did give rise to inferences of potential risks that
could not be ignored. 199
195. See, e.g., Application of Potomac Elec. Power Co. for Certificate of Pub.
Convenience, No. 7004 (Md. Pub. Serv. Comm'n May 1, 1990) (LEXIS, Utility
library, MDPUC file); Joint Application of Sturgeon Bay Utils. & Wis. Pub. Serv.
Corp. to Strengthen Each Others Transmission Sys., Nos. 5780-CE-100, 6690-
CE- 112 (Wis. Pub. Serv. Comm'n Jan. 7, 1988) (LEXIS, Utility library, WIPUC
file).
196. See NYPLP, supra note 4, at 11.
197. Id.
198. See POWER LINES PROJECT EVALUATION TASK FORCE, EVALUATION OF
THE NEW YORK STATE POWER LINES PROJECT SCIENTIFIC ADVISORY PANEL'S FINAL
REPORT, AND RECOMMENDATIONS FOR THE NYS PUBLIC SERVICE COMMISSION 1
[hereinafter TASK FORCE RECOMMENDATIONS].
199. NYPLP, supra note 4, at 11. In Opinion No. 78-13, issued by the New
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The construction was approved, but with a number of condi-
tions. The NYPSC ordered the utilities to fund a research pro-
gram on possible human health risks associated with electric and
magnetic fields generated by power transmission lines. 200 Pend-
ing the results of that research project, the NYPSC determined
that the intensity of the electric field at the edge of the rights of way
of new transmission facilities should be no greater than the inten-
sity of electric fields currently presented at the edge of the right
of way of existing 345 kv lines. 20' No such standard was set for
magnetic fields.202 The NYPSC established a permanent ban on
residences within 125 feet of the centerline of a 765 kv line, and a
temporary ban on residences between 125 and 175 feet of the
centerline.203 It was anticipated that the research project, which
came to be known as the New York Power Lines Project (NYPLP),
York Public Service Commission, the NYPSC stated that, since it is charged with
protecting the public, it had "no alternative but to presume that a biological
effect is hazardous until it is proven otherwise." TASK FORCE RECOMMENDA-
TIONS, supra note 198, at 2 (citing 18 N.Y.P.S.C. 665, 680 (N.Y. Pub. Serv.
Comm'n June 19, 1978)).
200. NYPLP, supra note 4, at 11. This required funding was challenged by
the utilities in Atwell v. Power Authority of New York. 67 A.D. 2d 365, 380, 415,
N.Y.S.2d 476, 483-84 (1979), appeal denied sub nom. Upset, Inc. v. Public Serv.
Comm'n, 49 N.Y. 2d 797, 426 N.Y.S. 2d 733, 403 N.E. 2d 456 (N.Y. 1980). The
court held that the NYPSC did not have the authority to require that utilities
fund research as a condition to receiving approval for new construction. Id.
The court's holding was apparently based on the timing of the funding order,
because the court expressly noted that the NYPSC does have authority to assess
utilities for the cost of such a research program prior to certification. Id. A sub-
sequent settlement agreement between the NYPSC and the N.Y. Power Author-
ity resulted in the funding of a $5,000,000 research program and the New York
Power Lines Project Final Report. For discussion of the findings of this report,
see infra notes 208-24.
201. See TASK FORCE RECOMMENDATIONS, supra note 198, at 2 (citing Appli-
cations of Niagara Mohawk Power Corp. and Power Auth. of N.Y., 18 N.Y.P.S.C.
1659, 1667 (N.Y. Pub. Serv. Comm'n 1978)). Standard 345 kv lines generate
electric fields of approximately 1.6 kv/m at the edge of the required rights of
way. The NYPSC ordered that this level not be exceeded at the edge of any
future transmission line rights of way. Id. The NYPSC found that a right of way
width of 350 feet for a 756 kv line should result in an electric field within accept-
able limits. Id. The additional width requirement for the right of way in this
case was also challenged in Atwell. Atwell, 67 A.D.2d 365, 415 N.Y.S.2d 476.
The court upheld the requirement and concluded that it was not arbitrary, capri-
cious or irrational because NYPSC was responsible for protecting the health and
safety of the public, had special expertise in the area, and the decision had the
effect of allowing the construction of a needed transmission line while minimiz-
ing the risk of harm to the public by limiting exposure to already common levels.
Id. at 378, 415 N.Y.S.2d at 482.
202. See NYPLP, supra note 4, at 11.
203. See TASK FORCE RECOMMENDATIONS, supra note 198, at 2 (citing Appli-
cations of Niagara Mohawk Power Corp. and Power Auth. of N.Y., 18 N.Y.P.S.C.
665, 708 (New York Pub. Serv. Comm'n 1978)).
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would establish whether exposure to power frequency fields was
hazardous and would provide recommendations for future regu-
lation of electrical transmission systems.
During the initial phase of public hearings on the two con-
struction applications, the NYPSC was unable to conclude that
there were adverse biological effects associated with exposure to
high voltage transmission lines, but equally unable to conclude
that there were not.204 Much of the available scientific informa-
tion had been produced by a research facility, the Electric Power
Research Institute (EPRI) that was funded and controlled by a
consortium of electric utilities. Some members of the public were
concerned that the information disseminated by EPRI was bi-
ased.20 5 Another problem was that the early studies had been
poorly funded and had not adequately controlled for con-
founding variables.20 6 This was especially true of the most dis-
turbing early study, the epidemiological study by Wertheimer and
Leeper that suggested an association between proximity to power
lines and childhood leukemia. 20 7
The NYPLP was designed to remedy these deficiencies. The
project was well-funded, independently supervised and carefully
designed to insure scientifically valid results. To eliminate any
appearance of bias, the project was administered by the New York
Department of Health.208 Scientific direction came from a panel
of nine experts20 9 who identified priority research areas, evalu-
ated project applications, selected the projects to be funded,
monitored the course of research, and prepared the final re-
port.210 A total of sixteen research projects were funded and
completed, covering the general subject areas of: 1) genetic, cy-
togenetic, teratogenic and reproductive studies; 2) cell biology
studies; 3) proliferation of cancer cells in culture; 4) neurobi-
ology; 5) behavior; 6) multidisciplinary studies of human expo-
204. See supra note 199 and accompanying text.
205. See, e.g., Re Advanced Plans for Constr. of Facilities, 102 P.U.R. 4th
245, 270 (Wis. Pub. Serv. Comm'n 1989) (commission concerned that industry-
funded research, such as EPRI's ongoing ELF research, may lack credibility with
public).
206. See generally NYPLP, supra note 4, at 72-76.
207. See OTA, supra note 12, at 58. For a discussion of the Wertheimer &
Leeper study, see supra notes 54, 58-62 and accompanying text.
208. See NYPLP, supra note 4, at 2.
209. Id. Disciplines represented by panel members were: anatomy, bio-
chemistry, bioengineering, electrical engineering, epidemiology, genetics, neu-
rology, pharmacology, physics and psychology. Id. at 12.
210. Id. at 2.
.1991]
45
Young: Regulatory and Judicial Responses to the Possibility of Biologica
Published by Villanova University Charles Widger School of Law Digital Repository, 1991
VILLANOVA LAW REVIEW
sure; and 7) epidemiology of cancer incidence. 211 The projects
paid special attention to ensuring that there would be precise
measurements of the field strengths operative in each experi-
ment 212 and that the field intensities studied would be directly rel-
evant to concerns about the safety of electric transmission
facilities. 213 Because of the implications of the Wertheimer and
Leeper study, one of the experiments was undertaken to replicate
that study, while addressing the criticisms that had been leveled
against it.214
Work on the project began in 1980, and the final report was
issued on July 1, 1987. The NYPLP Final Report was a 154 page
document discussing each of the experiments in detail2 15 and out-
lining the conclusions of the scientific advisory panel as well as
their recommendations regarding the appropriate regulatory re-
sponse. The panel concluded that they had documented biologi-
cal effects of electric and magnetic fields, and that several of those
findings were worthy of further consideration because of their
possible implications for human health.2 16 The panel was not
able, however, to identify any adverse health effects. 2 17 Although
the replication of the Wertheimer and Leeper study basically con-
firmed the study's finding of an association between power line
configurations and childhood cancer, 2 18 the panel was unable to
211. Id. at 3-10.
212. Id. at 15. The measurement and computation of the fields and in-
duced currents to which the subjects of the various studies were exposed is
known as "dosimetry." OTA, supra note 12, at 19. Dosimetry was controlled by
a team of experts paid under a contract with the U.S. Department of Energy.
Detailed engineering specifications were distributed to all contractors working
on the project. NYPLP, supra note 4, at App. 1.
213. This requirement is important because many of the earlier experi-
ments found distinct "windows" of field intensities capable of producing biolog-
ical effects. For a discussion of "windows" of field intensities, see supra note 39
and accompanying text. All experiments except the epidemiological studies
used electric and magnetic fields that were within one order of magnitude of the
maximum fields typically found at ground level on transmission line rights of
way (about 10 kV/m and 700 mG). Magnetic field exposures for the epidemio-
logical studies were much lower, about 2.5 mG. TASK FORCE RECOMMENDA-
TIONS, supra note 198, at 10.
214. See NYPLP, supra note 4, at 82-86 (citing Savitz & Calle, Leukemia and
Occupational Exposure to Electromagnetic Fields: Review of Epidemiologic Surveys, 29 J.
OCCUPATIONAL MED. 47-51 (1987)).
215. For a partial description of the experiments, see supra notes 208-14
and accompanying text.
216. See NYPLP, supra note 4, at 129.
217. Id.
218. Id. at 132. For a discussion of the Savitz study which attempted to
replicate the Werthemier and Leeper study, see supra notes 65-74 and accompa-
nying text.
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offer any recommendations based on this and other epidemiolog-
ical studies because of methodological difficulties with quanti-
fying magnetic field exposure levels and the lack of any
established causal relationship between weak magnetic fields and
cancer.
219
The panel further concluded that no neurobiological effects
were observed at field intensities lower than those intensities en-
countered within a power line right of way, and that any demon-
strated effects were relatively small and not a sufficient indication
of health hazards. 220 The panel concluded that the findings gen-
erated by the project did not suggest any concrete recommenda-
tions on right of way widths, line heights, or location of lines near
homes.22 1 Finally, the panel recommended further research in
the following areas: 1) the possible association between cancer
and exposure to magnetic fields, and the effects of exposure on
learning ability;2 22 2) the possible existence of thresholds for bio-
logical effects; 223 and 3) methods of power delivery and use that
would reduce exposure to magnetic fields. 2 24
The Chairman of the NYPSC appointed a Staff Task Force to
evaluate the Final Report of the NYPLP and develop recommen-
dations for consideration by the NYPSC. 225 The Task Force sub-
mitted a report on January 11, 1988. The report noted that the
NYPSC had initiated the project to determine whether electric
and magnetic fields are harmful, and that the project had not an-
swered that question. 226 Twelve of the experiments funded by
the Project reported statistically significant biological effects, but
neither the researchers nor the panel had identified any adverse
human health effects from the laboratory studies. 22 7 The Task
Force also noted that the researchers had not determined
whether the effects that had been established would persist at
lower field intensities, or whether there was a threshold below
which the effects disappeared. 228
219. NYPLP, supra note 4, at 129.
220. Id. at 131.
221. Id. at 134.
222. Id.
223. Id. This recommendation seeks a determination of exposure levels be-
low which it can be confidently stated that no adverse biological effects will
result.
224. Id.
225. See TASK FORCE RECOMMENDATIONS, supra note 198, at 4.
226. Id. at 19.
227. Id. at 11.
228. Id.
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The Task Force endorsed all of the recommendations made
by the panel. With respect to the recommendation for further
research on biological effects, the Task Force was especially con-
cerned with the epidemiological study confirming the association
between power line distribution configurations and childhood
cancer. 229 The Task Force concluded that if that study had estab-
lished a causal link between childhood cancer and exposure to
ELF fields, then a careful risk assessment and appropriate regula-
tory action would be required. 230 The Task Force concluded,
however, as had the NYPLP scientific advisory panel, that a causal
link had not been established. 23' Nonetheless, the Task Force
found that the results were disturbing enough to require addi-
tional epidemiological studies, preferably in New York.23 2 The
Task Force also endorsed the NYPLP panel's recommendation
that research be conducted on methods of delivering electricity
that will reduce exposure to magnetic fields, "[a]nticipating the
possibility that future research may establish a causal link between
magnetic fields and cancer and/or that other field exposure
hazards may be found .... ,2
In addition to endorsing the recommendations of the panel,
the Task Force made some concrete regulatory recommendations
of its own. The Task Force recommended that the NYPSC estab-
lish a staff group to monitor the results of future studies on the
biological effects of exposure to ELF fields. 234 The Task Force
also recommended that the NYPSC direct utilities to survey elec-
tric and magnetic field exposures from overhead and under-
ground power lines in New York State.23 5 Further, the Task
Force recommended that the interim electric field limits estab-
lished by the NYPSC in 1978 be retained until knowledge about
electric fields permits a final determination of safe levels of
exposure. 236
229. Id. at 20-21. For a discussion of the Savitz study, see supra notes 65-74
and accompanying text.
230. TASK FORCE RECOMMMENDATIONS, supra note 198, at 20. The Task
Force stated that because the level of exposure (2.5 mG) associated with in-
creased cancer risk in the Savitz study is currently present in many homes, the
appropriate regulatory response "could involve fundamental changes in the way
electrical energy is distributed and used in society." Id. at 21.
231. Id.
232. Id.
233. Id.
234. Id. at 18, 23.
235. Id. at 18, 22.
236. Id. at 18-19. When these interim standards were first adopted, in the
absence of information indicating whether there were any hazards associated
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With respect to magnetic fields, the Task Force recom-
mended that the NYPSC should adopt an interim edge of right of
way magnetic field limit to ensure that future transmission lines
do not produce magnetic fields greater than the fields typical of
existing 345 kv lines in operation throughout the state23 7 In
1978, when the NYPSC established an interim standard for elec-
tric fields, little attention was paid to magnetic fields. There is
presently a considerable body of research suggesting biological
effects associated with exposure to magnetic fields, although the
results fall short of establishing any biological hazards.238 The
Task Force emphasized that if magnetic field limits are adopted, it
should be made clear that magnetic fields have not been shown to
be hazardous and that the purpose of the limit is simply to ensure
that there will be no increase in typical exposure limits until it has
been established that there are no hazards associated with such
exposure. 2" 9
The NYPSC acted on the recommendations of the Task
Force by continuing the interim electric field standards, directing
utilities to undertake a study of the magnetic fields generated by
existing 345 kv power lines, and directing that an interim stan-
dard for magnetic fields be developed.2 40 The utilities performed
the required magnetic field surveys and presented data to the
with ELF exposure, the NYPSC based its exposure limits on the theory that
there should be no increase in exposure until it was determined that there was
no hazard. Id. at 2-3. The Task Force concluded that there is no more reason-
able or precise method for establishing an electric field limit now. Noting that
the lowest electric field value at which an effect was found was 3 kv/m, almost
twice the interim standard of 1.6 kv/m, the Task Force concluded that "given
that no electric field exposure hazards have been demonstrated, that none of the
effects observed have been shown to be hazardous, and that those effects ob-
served generally occurred above the 1.6 kv/m limit, the retention of the 1.6
kv/m interim limit remains an appropriately conservative action." Id. at 24. For
further discussion of interim field limits, see supra notes 201-03 and accompany-
ing text.
237. Id. at 18-19. For further discussion of research on exposure to mag-
netic fields, see supra notes 27-95 and accompanying text.
238. Id. at 28. Consistent with the rationale behind the interim electric
field limits, the Task Force recommended that the magnetic field limits should
be based upon exposure levels currently associated with existing 345 kv lines.
Based on anecdotal information about typical magnetic field levels around ex-
isting transmission lines, the Task Force suggested that a limit of 100 mG might
be appropriate. Id. at 28-29. The Task Force stated that the interim limit actu-
ally adopted should be based on a more formal documentation of typical ex-
isting fields.
239. Id. at 29.
240. See NEW YORK PUB. SERV. COMM'N, NOTICE OF PROPOSED POLICY AND
REQUEST FOR COMMENTS 1 (April 26, 1990) [hereinafter NOTICE OF PROPOSED
POLICY] (issued in connection with cases Nos. 265929 & 26559).
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NYPSC staff on July 26, 1989. The average magnetic field at the
edge of rights of way for existing 345 kv power lines was found to
be 200 mG.2 4 t The NYPSC staff recommended that the NYPSC
set interim standards based on these current exposure levels. Ac-
cepting that recommendation, the NYPSC found that a policy of
"prudent avoidance" supported the imposition of standards that
will avoid unnecessary increases in existing levels of exposure to
magnetic fields. 24 2 The NYPSC emphasized that the proposed
standard would apply only to future transmission facilities, and
was not intended to imply either "safe" or "unsafe" levels of ex-
posure. The function of the standard was merely to restrict fu-
ture construction designs to those that produce magnetic fields
no stronger than those already common throughout the state.2 43
While these standards have not yet been formally adopted, it is
likely that they will be applied to all future power line construc-
tion in the state of New York.
IV. EVALUATION OF THE CURRENT RESPONSE
OF THE LEGAL SYSTEM
A. The Judiciary
The role of the judiciary in reviewing power line siting deci-
sions is important, but courts should be deferential to the special
expertise and institutional competence of PSCs. The abuse of
discretion standard of review embodies an appropriate accommo-
dation of the competing interests in maintaining accountability on
the part of the regulatory agencies and in allowing the agencies to
perform their task of setting policy in situations where definitive
information is unavailable.
PSCs are responsible for making decisions that often require
sophisticated risk-benefit analyses. Electricity cannot be provided
in a way that is "risk free." The issues that regulatory agencies
241. Id. at 3. The 200 mG value represents the "winter-normal conductor
rating," which is a design niaximum. Transmission lines normally produce a
much weaker magnetic field. Ninety-nine percent of the time, the magnetic field
level at the edge of the right of way of a 345 kv line was less than 55 mG, 90% of
the time the field was less than 45 mG, 50% of the time it was less than 30 mG,
and 10% of the time it was less than 15 mG. Id.
242. Id. at 6-7.
243. With these limitations, the NYPSC proposed an interim magnetic field
of 200 mG at winter-normal conductor rating for all new construction of electric
transmission facilities. Additionally, even for proposed facilities that will meet
the 200 mG limit, applications for approval of new construction must address
the magnetic field levels that would be generated by each alternative configura-
tion. Id. at 9.
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must resolve are what level of risk is acceptable, and how much
expense should be incurred in avoiding additional risk. With re-
gard to the possible biological effects of exposure to ELF fields,
PSCs are obligated to carefully consider the available scientific in-
formation and make decisions that provide optimum safety to the
public, while ensuring that ratepayers are not forced to subsidize
extravagant expenditures to accomplish small reductions of risk.
Judicial review provides a check on agency action that is arbi-
trary or capricious. It guarantees that an agency will be held ac-
countable if it fails to perform its duty to carefully consider all
relevant information as it becomes available, and gives parties ad-
versely affected by agency decisions an opportunity to challenge
those decisions made on some basis other than the merits.
Courts, however, are not an appropriate forum for resolving
disputes about the significance of scientific findings that do not
rise to the level of certainty traditionally required to justify judi-
cial intervention. Judges have no special competence in inter-
preting scientific data, nor are they in any position to determine
whether a particular piece of information requires a particular
regulatory response. Judges are unlikely to be aware of the full
range of regulatory options, and would have difficulty considering
the interests of parties not before the court. To require or allow
courts to become involved in making these decisions would add
unnecessary time and expense to the process of obtaining ap-
proval for new construction and deprive both the utilities and the
public of the benefits of having these decisions made by regula-
tory agencies with special expertise in the industry. Moreover,
any attempt by courts to oversee routine power line siting matters
would result in a serious misuse of scarce judicial resources.
It is also imperative that utilities be able to rely on the finality
of siting decisions. If courts become more active in regulating
siting decisions, utilities will have to incur the costs and delays of
extended legal proceedings before beginning construction of new
transmission facilities, spend ratepayers' money to expedite set-
tlements, or proceed with construction while incurring the risk
that a project will ultimately be terminated by judicial decree. It
would not take many adverse judicial decisions to induce a sub-
stantial amount of caution. Proper application of the abuse of
discretion standard will ensure that courts will intervene in siting
decisions only when that intervention is necessary and legitimate.
Courts also should play only a limited role in awarding dam-
ages for exposure to ELF fields. The available scientific informa-
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tion does not establish that exposure to ELF fields is hazardous.
This lack of evidence prevents an individual plaintiff from estab-
lishing a personal injury claim by a preponderance of the evi-
dence. Moreover, at the present time, no individual can establish
that it is more likely than not that she will suffer personal injury if
a proposed power line is constructed. Therefore, damages are
unavailable for claims of personal injury, enhanced risk, or fear of
future injury.
Plaintiffs can often establish that they have suffered a reduc-
tion in the market value of their property as a result of the con-
struction of a transmission facility. It is important to remember
that these plaintiffs are not receiving damages by proving that ex-
posure to ELF fields is biologically harmful, but by proving that
they have in fact suffered economic harm due to public percep-
tion that there may be biological hazards associated with proxim-
ity to power lines. Framing the alleged harm in this manner
brings it within the traditional scope ofjudicial relief, but has the
anomalous effect of rendering the question of actual biological
harm associated with ELF fields wholly irrelevant. This solution,
however, is generally acceptable to the concerned parties. The
property owner, unable to prevent the construction of the adja-
cent power line, should not have to bear a loss in property value,
even if the loss is the product of public misinformation. The util-
ity has little incentive to dispute the amount of money it must pay
for a right of way since that cost will simply be passed on to rate-
payers. Where the remedy is severance damages, an adjudication
of the dispute between the property owner and the condemning
authority does not require a determination of whether power
lines pose biological hazards and is a matter well-suited to judicial
resolution.
While courts can and do compensate property owners for the
reduction in market value of their property remaining after con-
demnation, this remedy does not address the central concern of
individuals opposing the construction of transmission lines. The
plaintiffs in these actions claim that they have the right to be free
from any serious health risks associated with power lines. Faced
with the argument that evidence of the existence of such harms is
inconclusive, plaintiffs respond that they also have the right not to
be subjected to human experimentation. The easy answer, of
course, is that once they have received their severance damages,
they are free to move. Whether this easy answer will remain ac-
ceptable to society is an open question. At the present time, no
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compensation is available to adjoining landowners whose prop-
erty has not been condemned, regardless of any decrease in the
market value of their property. Further, compensation is not
available to non-owners living or working on property exposed to
ELF fields generated by new power lines, or to individuals ex-
posed to ELF fields generated by existing transmission or distri-
bution facilities.
Despite the inadequacies of current judicial treatment of
ELF-related claims for damages, the current response of courts to
such claims is in fact correct. Generally, before damages may be
awarded, a particular plaintiff must be able to prove by a prepon-
derance of the evidence that he was injured by a particular de-
fendant. At this time, however, it is not possible to prove that
exposure to electromagnetic fields is hazardous or that such ex-
posure increases the likelihood of disease or injury. Even if an
individual could establish a causal connection between exposure
to power-frequency fields and injury, it would be very difficult to
establish the source of the harmful exposure-it may be a trans-
mission line, but it may also be exposure to ELF fields on the
subway, at work, or from household appliances. It is not the func-
tion of courts to redress such amorphous injuries.
B. The Regulatory Agencies
The responses of various state PSCs to the ELF controversy
have ranged from complete inactivity, to careful consideration of
available literature, to creation of independent research pro-
grams, to imposition of field strength limits at the edge of power
line rights of way. Oddly enough, each of those responses has
something to recommend it.
One regulatory response that is clearly sound is the effort to
gather information on the relationship between exposure to ELF
fields and biological effects. As soon as the first reports of possi-
ble hazards associated with ELF field exposure became public,
people opposing new power line construction began to submit
such evidence to PSCs in order to persuade them to reject new
construction. In response, the PSCs heard testimony from ex-
perts in the field, undertook reviews of the scientific literature,
and in some cases initiated research programs. There is now an
extensive body of scientific information available which demon-
strates biological effects but not biological hazards, and PSCs
across the country are continuing to gather information as it be-
comes available.
1991]
53
Young: Regulatory and Judicial Responses to the Possibility of Biologica
Published by Villanova University Charles Widger School of Law Digital Repository, 1991
VILLANOVA LAW REVIEW
Another sound response is the requirement by PSCs that util-
ities gather information on ELF fields generated by existing trans-
mission facilities. Analysis of existing fields and their effects, if
any, appears to be a reasonable first step toward determining
whether there should be restrictions placed on new construction.
Further, a number of PSCs have required utilities under their ju-
risdiction to conduct research on methods of power delivery that
will minimize ELF exposure. Again, this is a reasonable response
to a potential hazard.
The imposition of field strength limits for the edge of utility
rights of way is more problematic. As safety standards, field
strength limits are basically worthless. Although the creation of
maximum exposure standards is a reasonable regulatory response
to most environmental hazards, such a response to ELF field ex-
posure is not effective. Even if it is not possible to determine just
what level of exposure is totally safe, most environmental hazards
exhibit a "linear dose-response relationship"-the greater the ex-
posure, the greater the likelihood of harm. Research on ELF
fields, however, indicates that there is no such linear dose-re-
sponse relationship. Instead, biological effects associated with
exposure to ELF fields show complex relationships to the fre-
quency and intensity of fields. Therefore, even if a PSC selects a
field strength below which no biological effect has been observed
to date, it is still possible that exposure to the field could be haz-
ardous. In fact, effects have been observed at levels far below
those permitted by the most rigorous field strength limits. There-
fore, if there are any hazards associated with exposure to ELF
fields, there is no reason to believe that field strengths within the
regulatory limits are any safer than stronger or weaker fields.
A second problem with field strength limits as a safety mea-
sure is that most of the limits are addressed to electric fields,
rather than magnetic fields. Given the fact that electric fields are
effectively shielded by various structures, while magnetic fields
are not, it is probable that any hazards associated with electro-
magnetic fields are caused by the magnetic fields. Even where the
regulations cover electric and magnetic field strengths, the im-
posed limits are much higher than the levels at which biological
effects have been observed, and almost a hundred times higher
than the levels associated with an increased risk of childhood can-
cers in the epidemiological studies.2 44
244. For example, while the epidemiological studies suggested a risk-asso-
ciated level of 2.5 mG, the NYPSC recommended an interim level of 200mG.
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The PSCs that have enacted such field strength limits are
aware that the exposure limits have not been scientifically proven
as safe. In fairness to the PSCs, however, no level of exposure has
been shown to be either safe or unsafe. In the absence of infor-
mation about what safety precautions will prove adequate, one
might argue that even excessively high exposure limits are better
than nothing. The very existence of such standards may, how-
ever, exacerbate the problem. Once these standards are created,
it is likely that applications for approval of new transmission facili-
ties will be granted rather routinely where the proposed facility
meets the exposure standard. Therefore, more people will be ex-
posed to fields that may or may not be harmful, and perhaps with
less deliberation than would have been the case in the absence of
the standards. Members of the public could easily conclude that
the problem had been carefully studied, that a safe level of expo-
sure had been determined, and that there is no longer any need
for concern about exposure to ELF fields generated by new trans-
mission lines.
Perhaps the most serious problem with field strength limits is
the set of regulatory assumptions that underlie them. Those as-
sumptions often remain unstated, but the NYPSC was quite ex-
plicit in explaining how it arrived at a figure for maximum
permissible exposures. 245 In the absence of any evidence as to
what if any exposure level might be hazardous, the NYPSC chose
its field strength limits by determining the typical field strength at
the edge of existing transmission line rights of way and mandated
that new construction could not exceed that level of exposure. Its
stated rationale was that the fields generated by existing power
lines have been "implicitly accepted by society."2 46 The simple
fact that existing facilities were constructed before the public was
aware of their potential hazards does not mean that the public has
in any meaningful sense "accepted" those hazards, or is willing to
accept additional, albeit similar, hazards from new construction.
The NYPSC's rationale is thus inherently flawed.
A final criticism of the response of PSCs to date is that they
have focused almost exclusively on the role of high voltage trans-
mission lines in the generation of ELF fields, even though the most
disturbing scientific results have suggested a relationship between
For a discussion of the findings of the epidemiological studies, see supra notes
65-75 and accompanying text.
245. See TASK FORCE RECOMMENDATIONS, supra note 198, at 3.
246. Id.
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childhood cancer and electrical distribution lines. 247 That focus is
particularly questionable in light of the fact that far more people
are exposed to ELF fields generated by distribution lines, and that
there are substantial rights of way around transmission lines but
no comparable "buffer zones" around distribution facilities to re-
duce the intensity of field exposure. Further, even if the PSCs
were justified in focusing exclusively on fields generated by trans-
mission lines, there is no obvious reason to regulate only new
construction while permitting continued exposure to fields gener-
ated by existing facilities.
Setting field strength limits for transmission lines has been
the most aggressive regulatory action undertaken to date. How-
ever, in concluding that such limits are an inadequate response, I
am not contending that even more aggressive regulation is the
appropriate response. Given the lack of any conclusive evidence
on whether ELF fields pose a biological hazard, and if so at what
levels, conditions and/or durations of exposure, it might well be
both expensive and counterproductive to undertake more exten-
sive regulation of power delivery systems. Ultimately, the most
reasonable response of regulators to this current state of scientific
uncertainty may be to decline to set any standards until there is
more persuasive evidence of a hazard. Several PSCs have taken
this position. 248 As long as PSCs continue to examine all avail-
able information on health hazards, current exposure levels and
the minimization of exposure incident to the provision of electric
power, they may well be accomplishing all that is necessary or
helpful.
V. PROPOSALS FOR AN APPROPRIATE REGULATORY RESPONSE
The judiciary is institutionally unsuited to resolve the current
dispute about the potential hazards of exposure to ELF fields.
Therefore, the recommendations proposed in this article will fo-
cus on the appropriate response of the agencies charged with reg-
ulating public utilities.
While the available scientific evidence establishes only bio-
logical effects associated with ELF exposure, rather than biologi-
cal hazards, the accumulating evidence is too indicative of
247. See generally D. SAVITZ, supra note 55; Wertheimer & Leeper I, supra
note 54. For a discussion of these scientific results, see supra notes 54-75 and
accompanying text.
248. For a discussion of PSCs declining to set exposure standards, see supra
notes 195 and accompanying text.
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potential harm to allow regulatory agencies to do nothing at all.
It is difficult to justify costly regulations, however, where no haz-
ard has been established. An intermediate alternative has been
referred to as a policy of "prudent avoidance." 249 This alterna-
tive would involve finding ways to minimize the number of people
exposed to ELF fields generated by power lines. This policy
could be implemented through the selection of new transmission
line routes that are as far away from residences as possible, or by
re-routing existing transmission facilities to less populated loca-
tions.250 Another possibility would be to require wider transmis-
sion line rights of way, or to select wiring configurations that
minimize electromagnetic fields. 251 More expensive options in-
clude replacing overhead power lines with underground trans-
mission lines, re-designing distribution systems to reduce the
electromagnetic fields that they generate or changing the ground-
ing of power delivery systems.252 After identifying the possible
methods of reducing exposure to ELF fields, the regulator would
then adopt only those approaches which are "prudent" invest-
ments in safety. 253
A policy of prudent avoidance is very appealing. In order to
determine what avoidance is prudent, however, it is necessary for
PSCs to acquire detailed information on the cost of various modi-
fications, their relative impact on the number of people exposed
to ELF fields, the magnitude of that exposure and the degree of
harm associated with various levels of exposure. Clearly, this
strategy for making decisions in the face of factual uncertainty is
itself dependent upon a good deal of information that is currently
unavailable. Even without access to all of the facts necessary for a
careful cost-benefit analysis, however, a policy of prudent avoid-
ance remains preferable to either regulatory inactivity or aggres-
sive regulation without an appropriate factual underpinning.
Implementation of a policy of prudent avoidance will consist
of three components. First, the PSCs must gather as much infor-
mation as possible in order to make adequate decisions in the face
of scientific uncertainty. Second, the public must have meaning-
ful access to all such information as it becomes available. Third,
249. See OTA, supra note 12, at 78-80.
250. Id. at 79.
251. Id.
252. Id.
253. Id. at 77.
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the PSCs should create incentives for utilities to put forward their
best efforts in minimizing potential harm to the public.
A. Further Research
In order to make rational decisions about what constitutes
prudent avoidance, further research is required in several areas.
First, scientists must determine what biological effects are associ-
ated with exposure to ELF fields and whether those effects indi-
cate the presence or possibility of biological harm. If there is a
possibility of biological harm, priority should be given to estab-
lishing exactly what harms are to be expected and whether a dose-
response relationship exists. Is there a threshold level of expo-
sure below which there is no harm? What is the correlation be-
tween exposure and increased risk? Finally, it is critical to
understand whether the observed effects are caused solely by ex-
posure to ELF fields generated by power lines, or whether there is
an interaction with some other causal agent.
In conducting further research on biological effects, several
areas of inquiry have been suggested by the research already per-
formed. Probably the most pressing question for further investi-
gation is the possible link between exposure to ELF fields and
cancer suggested by the epidemiological studies. 254 Another area
requiring future research is the possibility that exposure to ELF
fields can act as a cancer promoter. 255
In addition to the biological effects of exposure to ELF fields,
information must be obtained concerning the levels of exposure
generated by existing and proposed transmission lines. Utilities
in some jurisdictions are already required to provide this informa-
tion to the PSC.256 It is also necessary to understand how trans-
mission and distribution systems can be modified to reduce the
magnitude of the fields that they generate, and at what cost. As
noted above, some PSCs have already ordered utilities under
their jurisdiction to begin compiling this information. 257
254. For a discussion of these studies, see supra notes 51-81 and accompa-
nying text. But see OTA, supra note 12, at 181 ("There is a risk of becoming too
fixed on cancer as a single health effect of concern.").
255. For a discussion of research findings that ELF fields can act as a cancer
promoter, see supra notes 32-36 and accompanying text.
256. For a discussion of these jurisdictions, see supra notes 191-92.
257. See NOTICE OF PROPOSED POLICY, supra note 240, at 8.
[Vol. 36: p. 129
58
Villanova Law Review, Vol. 36, Iss. 1 [1991], Art. 3
https://digitalcommons.law.villanova.edu/vlr/vol36/iss1/3
RESPONSES TO ELECTROMAGNETIC FIELDS
B. Educating the Public
In addition to acquiring information, PSCs should make this
information available to the public. Providing current informa-
tion to the public will allow people to participate more effectively
in the hard decisions that have to be made in this area. It will
insure that people concerned about potential hazards will have
access to reliable information as a counterpoint to the misleading
and inflammatory accounts currently dominating popular discus-
sions of the issue.2 58 It may serve to increase public confidence in
regulatory decisions, and may even cut down on the current pro-
pensity to oppose new power line construction. Finally, informa-
tion should be distributed to the public simply because the public
has the right to know what hazards exist and what is being done
about them.
C. Creating Economic Incentives
Utilities are in the best position to minimize the amount of
exposure to ELF fields associated with power lines. Utilities can
assess the cost of various power line configurations and estimate
the impact that design modifications will have on the intensity of
the ELF fields that will be generated. Utilities also have experi-
ence in planning routes for transmission lines, and can efficiently
gather information on the feasibility of alternate routes. The
challenge for regulators is to insure that utilities' capacities are
exercised with a view toward the public interest rather than some
more narrow interest of the utility.
In many cases, PSCs can simply order the utilities to take cer-
tain actions. That option, however, is limited by the statutory
powers of the PSC in a particular jurisdiction. PSCs can also at-
tach conditions to the approval of new construction, such as re-
quiring the utility to fund independent research on ELF fields, to
measure the fields generated by existing facilities, or to create
computer models of the ELF fields that would be generated by
alternative configurations. It may also be useful to encourage
utilities to show initiative in finding and implementing solutions
that are beyond the technical capacity and expertise of PSCs.
One method of encouragement is to impose a "siting fee" 259 for
258. See, e.g., P. BRODEUR, supra note 26.
259. This proposal was advocated in Morgan, Controlling Exposure to Trans-
mission Line Electromagnetic Fields: A Regulatoy Approach That Is Compatible with the
Available Science, PUB. UTiL. FORTNIGHTLY, Mar. 17, 1988, at 49, 53-54. The dis-
cussion includes a detailed proposal for determining the amount of the fee to be
1991]
59
Young: Regulatory and Judicial Responses to the Possibility of Biologica
Published by Villanova University Charles Widger School of Law Digital Repository, 1991
VILLANOVA LAW REVIEW
new construction that is based on the number of people likely to
be exposed to ELF fields of some specified intensity. Of course,
the effective use of the fee requires a determination of what level
of exposure is likely to be hazardous. Consequently, a siting fee
will probably be no more legitimate a safety measure than setting
arbitrary field strength limits. A siting fee, however, does have
the advantage of securing the best efforts of the utilities in reduc-
ing hazards.
Although the idea of creating economic incentives for utili-
ties to reduce the possibility of harmful exposure is attractive,
there is nothing that a PSC is likely to do that can compare with
the expense generated by a situation where the responsibilities of
the utility are unclear. Presently, utilities must fund seemingly
unending research, devote countless hours of staff and attorney
time to obtain approval of new construction, pay premium prices
for power line easements and fend off legal challenges to plans to
build new facilities. For example, challenges to power line con-
struction have been in the New York courts for over a decade.
Recently, a New York utility won a judgment that it did not have
to pay damages to adjoining landowners because the presence of
the power line would create an alleged "cancer corridor." 260 One
source reports, however, that the victory cost the utility two mil-
lion dollars in fees for attorneys and expert witnesses. 26 1 Further-
more, utilities face the possibility of staggering tort liability if it is
later established that exposure to ELF fields is indeed harmful. It
is hard to believe that utilities do not already have an adequate
incentive to minimize the possibility of harm.
VI. SUMMARY OF CONCLUSIONS
The possibility that ELF fields may pose human health
hazards has generated a great deal of controversy in the scientific
community, as well as widespread opposition to power line con-
struction and related litigation. While there is a vast amount of
experimental data available, the only legitimate conclusion is that
there is some indication that exposure to ELF fields may have bio-
logical effects. It is not clear whether those effects are indicative
of potential human health hazards.
imposed and ensuring that the fee does not unfairly affect the rates that utilities
are allowed to charge. See also OTA, supra note 12, at 80 (revenue from "siting
fee" should be used to support 60 Hz field research).
260. Zappavigna v. Power Auth. of the State of N.Y., Claim No. 74085 (un-
reported decision of N.Y. Ct. Cl. Sept. 29, 1989).
261. Black, supra note 175, at 158, 160.
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The courts and PSCs have reacted very differently to recent
claims of biological hazards. Courts have properly declined to
become involved in routine siting decisions in the absence of an
abuse of discretion by the regulatory agency, and have not
awarded damages on ELF-related personal injury claims because
plaintiffs cannot show causation by a preponderance of the evi-
dence. Where a landowner can show that the market value of his
property has been reduced by the location of a transmission line
on the property, however, severance damages are properly
awarded. PSCs, in contrast, are free to act on less than conclusive
evidence of harm. PSCs have attempted to protect the public by
investigating the allegations of potential harm, ascertaining the
current levels of exposure attributable to power lines, directing
utilities under their jurisdiction to develop methods of power de-
livery that will minimize exposure and restricting permissible field
strengths outside power line rights of way.
Many PSCs have attempted to implement what they consider
a policy of prudent avoidance. Some of their actions have been
more prudent than others. The acquisition of knowledge neces-
sary to formulate a rational regulatory program is an appropriate
component of a policy of prudent avoidance. The imposition of
field strength limits without determining what levels of exposure
are actually harmful, however, is hardly prudent. Not only do
such arbitrary limits offer no assurance of safety to the public,
they also have the effect of allowing power line construction to go
forward, thus increasing the number of people exposed.
Further, any policy that addresses only new transmission line
construction while ignoring more ubiquitous sources of ELF ex-
posure such as existing transmission and distribution lines will
lose credibility within the industry and, ultimately, with the pub-
lic. Either ELF fields pose a serious health risk, or they do not. If
they do, then aggressive regulation of all sources under the juris-
diction of the PSC is in order. If ELF fields do not pose a serious
health risk, then field strength limits are unnecessary.
A review of the existing scientific evidence indicates that the
risks posed by exposure to ELF fields, if any, are very small. It
may be that PSCs have enacted field strength limits merely to dis-
courage opposition to power line construction and allow utilities
to get on with their capital development programs. If this is true,
their actions demonstrate a fundamental misunderstanding of the
obligations of a regulatory agency to the people it serves. PSCs
are obligated to regulate the electric power industry in the public
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interest. They are not at liberty to allow utilities to impose unrea-
sonable risks upon the public, nor are they at liberty to burden
the ratepayers with the cost of unnecessarily restrictive regula-
tions. If there is a perception among PSC commissioners that the
public is systematically overestimating the risk associated with
power lines, the solution is to educate the public, not to deceive
them with regulations designed to appear related to public safety.
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